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Record  of  Annual  Meeting,  January  20m,  1885. 

A.  Demster  moved  that  Mr  Gottlieb  take  the  Chair.  Motion  seconded,  and  carried. 

Mr.  Gottlieb  called  the  meeting  to  order,  and  the  Secretary  read  the  minutes  of  the  previous  meeting. 

A.  E.  Frost,  Treasurer,  read  his  Annual  Report,  which  showed  receipts  amounting  to  $1,405.71 ;  ex|>enditures,  $1,365.11, 
having  a  balance  on  hand  of  $40.60. 

Jas.  H.  Harlow,  Secretary,  read  his  report,  showing  an  increase  in  membership  of  30,  making  a  total  membership  of 
$5 — accessions,  47 ;  loss  by  resignation,  15 — by  death,  2. 

Wm.  Scherzer,  Librarian,  read,  his  report,  which  consisted  of  a  detailed  statement  of  the  periodicals  subscribed  to  by  the 
jciety,  18  in  all  ;  those  received  in  exchange  for  its  publications,  19  in  all ;  and  bound  publications  presented  to  the  Society,  28 

i  all. 

The  Committee  on  Tests  was  called  upon  to  report,  but  made  no  report.  The  address  of  the  retiring  President  was  then 
ad  bv  the  Secretary,  Jas.  H.  Harlow.  In  this  address  the  President  referred  to  the  joint  meeting  of  our  Society  with  the 
merican  Society  of  Mechanical  Engineers, — urged  the  members  to  attend  the  meetings  more  promptly,  and  especially  the 
mnger  members,  as  they  will  thus  best  promote  the  objects  for  which  the  Society  was  organized,  and  to  look  upon  the  payment 
‘  their  obligations  to  the  Society  regularly  and  at  the  beginning  of  the  year.  The  address  refers  to  the  unfortunate  l»»v*  the 
jciety  sustained  in  consequence  of  the  failure  of  the  Penn  Bank,  and  calls  attention  to  the  handsome  addition  to  the  library, 
mated  by  Wm.  Metcalf,  Esq.,  consisting  of  twenty-six  bound  volumes  of  “  Engineering.’’  Before  closing  this  address  brings 
‘fore  the  Society  the  advantages  that  can  be  derived  from  a  series  of  lectures  on  Chemistry,  Geology  and  other  scientific  aub- 
cts,  delivered  by  men  of  acknowledged  abilitv  in  the  domain  of  Engineering. 


ELECTION  OF  OFFICERS. 


The  Chair  appointed  Messrs.  Chas.  Davis  and  A.  Demster,  Tellers.  The  Chair  announced  the  election  as  follows  : 

Geo.  H.  Brown,  President. 

C.  L.  Strobel,  Vice  President. 

Wm.  Martin,  'i  r.. 

m  ’  v  Directors. 

Wm.  Thaw,  Jr.,  J 
A.  FI  Frost,  Treasurer. 

Wm.  F.  Zimmermann,  Secretary. 


Recess  of  ten  minutes  was  taken. 

Meeting  opened  with  C.  L.  Strobel  in  the  Chair. 

The  Board  presented  the  names  of  G.  B.  Mitchell,  Chas.  M.  Clarke,  Chas.  Reisinoek,  Chas.  Hkokkikld,  F.  K. 
ilter  and  James  Mallen,  for  ballot. 

On  motion,  the  Secretary  was  directed  to  cast  a  ballot  admitting  them  to  membership. 

The  questions  asked  by  Senator  Morgan  about  Natural  Gas  were  read  by  the  Chair,  and  were  responded  to  by  Messrs. 
oberts  and  J arboe,  and  Capt.  Jones.  These  gentlemen’s  remarks  showed  that  steam  would  prevent  the  deposit  of  coke 
i  furnaces  only  to  some  extent,  ami  that  natural  gas  has  been  known  to  Mow  from  wells  that  had  carried  oil  and  ga>  after  the 

il  has  ceased  to  flow. 

Jas.  II.  Harlow  said  he  was  requested  to  read  the  following  resolution  : 


Whereas,  The  recent  accident  to  our  esteemed  President,  Wm.  Miller,  by  which  we  were  threatened  with  a  sad  In**,  bring i 
>rciblv  to  our  notice  an  evil  which  by  long  usage  we  have  come  to  passively  tolerate,  but  which  should  never  have  been  per- 

litted  to  be  originated,  much  less  continued,  and  should  at  once  be  abated  ;  therefore,  be  it 

% 

Resolved,  That  the  use  of  iron  for  cellar  doors,  vault  coverings  or  gratings,  when  they  form  part  of  the  pavement  used  b\ 
edestrians,  from  its  extreme  slipperyness  in  wet  or  icv  weather,  placing  in  constant  danger  the  live*  and  liml>s  of  our  citizens 
lould  be  forbidden  by  law  ;  and  also 


Resolved ,  That  the  Engineers’  Society  of  Western  Pennsylvania  earnestly  petition  Councils  of  the  <  itie>  of  Pittsburgh  and 
lleghenv  to  adopt  such  ordinances  as  will  remove  all  metal  gratings  and  coverings  from  our  pavements,  and  render  it  *ufe  i  t 
edestrians  in  all  weather. 


Considerable  opposition  was  made  to  the  resolution,  and  no  action  was  taken. 


Mr.  M.  .1.  Becker  then  read  the  paper  of  the  evening,  entitled  “Why  do  Rail  Joints  and  Splice  Bars  Break?”  In  this 
paper,  which  was  illustrated  by  drawings,  the  author  confined  himself  to  a  description  of  that  particular  device  of  splice  bar 
which  has  found  most  favor  among  railroad  men,  and  which  in  its  general  form  has  now  the  most  extensive  application  upon 
the  leading  railroads  in  the  country.  This  splice  is  the  so-called  angle  bar  joint;  it  consists  of  two  rolled  bars,  usually  about 
‘24  inches  long,  fitting  closely  under  the  head  of  the  T  rail  and  over  its  base,  projecting  just  far  enough  outside  of  the  foot  of  the 
rail  to  admit  of  receiving  the  slots  for  spiking  the  bars  to  the  cross  ties.  The  bars  are  punched  for  the  bolts  which  pass  through 
both  angle  bars  and  rail  web  :  the  punch  holes  for  the  inside  bars  being  oblong  to  receive  correspondingly  shaped  bolt  heads, 
and  thus  prevent  the  bolts  from  turning  while  being  screwed  up  to  a  bearing.  The  diameters  of  the  bolt  holes  are  slightly 
larger  than  the  holts,  to  allow  for  maximum  expansion  and  contraction  of  the  rail  bv  extreme  changes  in  temperature.  The 
question,  How  are  such  beams  affected  by  a  load?  is  treated  theoretically,  by  taking  the  rail  as  a  beam  fixed  at  one  end  and 
loaded  at  the  other,  and  thus  determining  the  deflection  and  the  stress  on  the  extreme  fibre  of  the  rail  rection  due  to  a  load 
equal  to  the  weight  of  a  large  driving  wheel  of  a  passenger  engine  and  its  carrying  load.  The  modulus  of  elasticity  of  mild 
steel  is  taken  at  27,000,000.  The  strength  and  deflection  of  the  angle  bars,  loaded  in  the  middle  and  supported  at  the  end,  is 
also  considered  theoretically,  the  same  load  being  used. 

After  considering  the  angle  bars  and  rail  ends  independently,  the  author  next  considers  the  combination,  as  in  use,  and  de¬ 
termines  the  carrying  capacity  of  each  by  assuming  a  given  deflection.  From  these  calculations  the  author  finds  that  the  body 
of  the  rail  is  nearly  twice  as  strong  as  the  angle  bars,  and  fully  fifty  per  cent,  stronger  than  the  projecting  rail  ends  at  the  joints. 

Again,  from  calculations  the  author  finds  that  if  intermediate  ties  are  spaced  14o  inchest  apart,  joint  ties,  in  order  to  make 
the  joints  of  equal  strength  with  the  body  of  the  rail,  should  he  spaced  8.84  inches  apart.  Splice  bars  break  at  the  top,  in  the 
middle  of  the  joint  between  the  two  interior  bolt  holes,  and  the  rupture  is  a  clean  tear.  Many  joints  break  from  defective 
metal.  Very  good  results  have  been  obtained  of  late  by  increasing  the  upper  section  of  the  bar.  The  author  is  inclined  to 
adhere  to  his  opinion,  that  the  rupture  of  the  angle  bars  is  purely  tensional,  caused  by  the  two  rail  ends  acting  successively  as 
cantilevers  on  each  half  of  the  length  of  the  angle  bars,  with  a  maximum  strain  at  the  middle  of  the  bars. 


WHY  DO  RAIL  JOINTS  AND  SPLICE  BARS  BREAK  ? 


[A  paper  read  before  the  Engineers’  Society  of  Western  Pennsylvania,  Jan.  2«>,  1885,  bv  M.  J  Heckek.  I 


When  the  first  President  of  this  Society  pre¬ 
sented  to  its  members  the  first  paper  in  the  ser¬ 
ies  of  our  periodical  contributions,  he  framed 
its  head  lines  in  the  interrogative  mood,  and 
affixed  to  its  title  au  interrogation  mark.  The 
eminent  propriety  of  this  precedent  has  been 
amply  acknowledged  by  subsequent  contributors, 
and  I  trust  that  I  too  may  be  pardoned  if  I  ven¬ 
ture  to  present  my  paper  this  evening  in  the  fa¬ 
miliar  shape  of  a  conundrum. 

When  you  desire  information  on  a  subject,  of 
which  you  yourself  are  in  ignorance,  there  is  no 
better  method  of  finding  what  you  want  to  know 
than  to  read  a  paper  and  display  your  own  want 
of  knowledge  regardless  of  all  sacrifice  of  self- 
respect;  this  will  encourage  your  audience  to 
display  unrestrainedly  their  ow  n  wusdom  in  the 
discussion,  and  will  prove  far  more  conducive  to 
general  enlightenment,  than  a  too  profuse  ex¬ 


knowing  the  effect  of  the  acting  forces  upon 
their  supports  and  also  knowing  the  resisting 
capacity  of  the  materials  composing  the  supports, 
it  would  certainly  seem  that  we  ought  to  be  able 
to  devise  their  proper  shape  and  determine  the 
size  necessary  for  the  safe  performance  of  the 
duty  imposed. 

Sometimes  it  happens,  however,  that  the  prac¬ 
tical  applications  of  theories  apparently  quite 
sound,  produce  results  at  variance  with  estab¬ 
lished  principles  which  we  have  been  accustom¬ 
ed  to  acknowledge  as  laws.  In  such  cases  a  re¬ 
trogressive  force  of  reasoning  from  effect  to 
cause,  comes  properly  into  play. 

The  splicing  together  of  the  rails  of  railway 
tracks  has  been  accomplished  by  various  means 
during  the  successive  periods  of  railway  con¬ 
struction.  Commencing  with  the  crude  old  fash¬ 
ioned  WTouglit  iron  lip  chair,  these  fastenings 


hibit  of  your  owTn  familiarty  wTith  your  subject 
matter,  wrhich»is  apt  to  silence  controversy  and 
will  cause  your  hearers  to  accept  your  own  view's 
as  authority  without  question  or  dispute. 

The  subject  upon  which  I  w’ould  like  to  re¬ 
ceive  some  information  by  means  of  the  discus¬ 
sion  which  I  trust  the  reading  of  this  paper  w’ill 
bring  forth,  is  this: 

“Why  do  rail  joints  and  splice  bars  break?” 

This  question  must  certainly  seem  simple 
enough,  and  no  doubt  finds  a  very  ready  answer 
in  a  general  way  to  the  effect,  that  if  these  splice 
bars  and  rail  joints  break,  it  is  because  they  are 
incapable  of  resisting  the  strains  which  are 
brought  upon  them  by  the  forces  to  which  they 
are  subjected.  That  is  true  enough  as  fur  as  it 
goes;  of  course,  when  we  knowr  the  magnitude 
and  direction  of  any  acting  forces,  we  can  readi¬ 
ly  determine  their  effect  upon  supports  whose 
position  and  character  are  likewise  known,  and. 


have  undergone  many  changes  and  improve¬ 
ments,  gradually  tending  towards  a  more  rigid 
support  and  a  more  secure  connection  of  the 
rail  ends,  resulting  thereby  in  greater  security 
and  comfort  to  travel  and  in  a  less  ruinous  de¬ 
struction  of  rolling  stock.  To  refer  even  briefly 
to  the  endless  variety  of  patented  and  unpatent¬ 
ed  contrivances  and  appliances  invented  for  this 
purpose  would  consume  more  time  than  the  most 
tolerant  and  patient  of  my  hearers  could  be  ex¬ 
pected  to  concede. 

I  will  therefore  confine  myself  to  a  mere  de¬ 
scription  of  that  particular  device,  which  has  of 
late  found  most  favor  among  railroad  men.  and 
w’hicli  in  its  general  form  has  now  the*  most  ex¬ 
tensive  application  upon  the  leading  railroads 
of  the  country,  varying  of  course,  here  and 
there,  in  some  minor  and  unimportant  particu¬ 
lars. 

This  splice  is  the  so-called  angle  bar  joint;  it 
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consists  of  two  rolled  bars  of  the  form  shown  on 
the  sketch..  Figs.  1  and  2,  usually  about  24  inches 
long,  fitting  closely  under  the  head  of  the  T  rail 
and  over  its  base,  projecting  just  far  enough  out¬ 
side  of  the  foot  of  the  rail  to  admit  of  receiving 
the  slots  for  spiking  the  bars  to  the  cross  ties. 
The  bars  are  punched  for  the  bolts  which  pass 
through  both  angle  bars  and  rail  web,  the  punch 
holes  for  the  inside  bars  being  oblong  to  receive 
correspondingly  shaped  bolt  heads  and  thus  pre¬ 
vent  the  bolts  from  turning  while  being  screwed 
up  to  a  bearing;  the  diameters  of  the  bolt  holes 
are  slightly  larger  than  the  bolts  to  allow  for  the 
maximum  expansion  and  contraction  of  the  rail 
by  the  extreme  changes  of  temperature  without 
shearing  the  bolts.  A  simple  and  very  effective 
contrivance  known  as  the  Verona  Nut  Lock,  con¬ 
sisting  of  a  steel  ring,  cut  through  slantwise,  so 
as  to  leave  sharp  knife  edges  at  the  cut  ends, 
coiled  and  tempered  to  a  spring  of  about  1,500 
pounds  elastic  resisting  capacity,  is  usually  in¬ 
terposed  as  a  washer  between  the  angle  bar  and 
the  nut  of  the  bolt  which  fastens  the  angle  bar 
to  the  rail.  This  washer  has  obtained  a  very  ex¬ 
tensive  application  throughout  the  country,  and, 
although  not  an  absolutely  perfect  lock  against 
turning  and  liable  to  lose  its  elasticity  in  course 
of  time,  it  appears  to  answer  the  purpose  as  well 
as  any  other  devise  heretofore  employed,  while 
its  cheapness  and  simplicity  of  application  pre¬ 
sent  advantages  which  no  other  appliances  known 
to  me  appear  to  possess. 

The  complete  splice  as  above  described  is 
shown  on  the  sketch,  figures  3  and  4;  this  is  the 
splice  used  as  a  standard  on  the  lines  of  the  Penn¬ 
sylvania  Railroad  System,  and  is  the  one  to 
which  my  observations,  of  which  I  will  speak 
directly,  have  been  chiefly  confined.  As  applied 
on  the  lines  above  named,  it  is  a  so-called  “sus¬ 
pended  joint,”  the  rail  ends  meeting  midway 
between  two  cross-ties,  and  the  ends  of  the  angle 
bars  resting  upon  the  two  joint-ties,  forming  to 
all  intents  and  purposes  a  compound  beam 
resting  upon  the  two  end  supports  with  the 
bars,  and  the  whole  united  together  by  the 
bolts. 

Now  how  would  such  a  beam  be  effected  by  a 
load? 

To  determine  the  effect  of  an  external  force 
upon  the  different  component  parts  of  a  compo¬ 
site  body  is  attended  with  but  little  difficulty,  if 
the  parts  are  uniform,  equally  affected  and  hom¬ 
ogeneous  in  their  character,  but  the  difficulty  in¬ 
creases  as  the  relations  and  connections  of  the 
component  parts  of  the  body  become  more  in¬ 
tricate  among  themselves  and  more  at  variance 
with  each  other.  In  order  to  determine  the  effect 
of  a  given  load  upon  a  compound  beam  composed 
of  the  two  ends  of  adjoining  T-rails,  spliced  and 
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bolted  together  by  two  splice  bars  in  the  manner 
above  described,  it  would  seem  rational  to  in¬ 
vestigate  first  the  effect  of  the  load  upon  the  rail 
ends,  independent  of  the  splice  bars;  then  as¬ 
certain  the  effect  of  the  load  upon  the  splice 
bars,  independent  of  the  rail  ends,  and  then  de¬ 
termine  whether  the  one  or  the  other  of  the 
members  alone  is  affected  by  the  load,  or  wheth¬ 
er  both  are  affected  and  in  what  ratio  to  each 
other,  or  whether  the  combination  of  the  mem¬ 
bers  affects  the  resisting  capacity  of  either,  and 
if  so,  to  what  extent. 

Taking  for  an  illustration  the  section  of  an  or¬ 
dinary  T-rail  of  the  Pennsylvania  Railroad  stan¬ 
dard  pattern,  weighing  69  pounds  per  yard,  we 
find  that  its  sectional  area  =  6.81  square  inches, 
that  its  centre  of  gravity  lies  almost  exactly  in 
the  middle  of  its  height  and  that  its  moment  of 
inertia  is  =  17.43.  Spacing  the  cross  ties  so  as 
to  distribute  16  ties  to  a  30  foot  rail,  they  will 
then  be  22£  inches  apart  between  centres,  and 
allowing  8  inches  top  face  for  each  tie,  the  clear 
span  of  the  unsupported  rail  equals  14£  inches, 
and  the  projecting  part  from  edge  of  support  to 
the  rail  end  at  a  splice  is  7£  inches;  if  the  driv¬ 
ing  wheels  of  one  of  the  large  passenger  engines, 
with  its  weight  of  20,000  pounds,  rests  at  the  tip 
of  the  rail  end,  unsupported  by  the  splice  bars, 
and  the  other  end  is  considered  fixed,  or,  what 
is  very  nearly  the  same  thing,  continuous  over 
the  end  support,  the  effect  of  the  load  would  be 
to  press  the  tip  end  of  the  rail,  with  a  tendency 
to  rupture  the  rail  at  the  point  of  support  over 
the  edge  of  the  cross-tie,  by  tearing  apart  the 
fibres  of  the  top  flange,  and  crushing  the  fibres 
of  the  bottom  flange  of  the  rail;  in  other  words, 
the  maximum  bending  moment  under  the  con¬ 
ditions  stated  would  occur  at  the  point  of 
support  and  would  be  equal  to  the  load  multi¬ 
plied  by  the  distance  between  the  load  and  sup¬ 
porting  point*  3/  =  W  l  =  (20,000  x  7£)  =  145,- 
000  pounds,  and  the  stress  in  extreme  fibres  of 

3/ 

the  rail  section  would  be  equal  to  S  =  j>  in 

e 

which,  S  =  fibre  strain  per  square  inch,  I  =  mo¬ 
ment  of  inertia,  e  =  distance  of  neutral  axis 
from  extreme  fibres, — making  S  =  18,300  pounds. 
The  actual  transverse  strength  of  the  projecting 
rail,  assuming  maximum  fibre  strain  at  crippling 
point  to  be  45,000  pounds,  =  49,175  pounds.  * 

73 

The  deflection  due  to  this  load  would  be 

3  El 

=  0.0054  inches,  in  which  formula,  E  =  modulus 
of  elasticity  of  mild  steel,  assumed  at  27,000.000, 
being  the  average  result  of  fifteen  experiments 
made  recently  by  the  Pencoyd  Iron  Company  on 
mild  steel  deck  beams  and  /  beams.  (See  Jaiues 
Christie’s  paper  on  strength  and  elasticity  of 


structural  steel  in  August  number  of  Transac¬ 
tions  American  Society  Civil  Engineers.) 

If  we  consider  the  engine  wheel,  with  its 
weight  of  20,000  pounds,  so  placed  as  to  rest  di¬ 
rectly  over  the  splice,  and  one- half  of  its  weight 
carried  by  the  tip  of  one  rail  and  the  other  half 
by  the  tip  of  the  other  rail,  then  the  maximum 
bending  moment  would  be  one- half  the  amount 
ascertained  above,  or  72,500  pounds;  the  stress  on 
the  extreme  fibres  would  be  9,150  pounds  and 
the  corresponding  deflection  at  the  tip  end  of 
each  rail  would  be  0.0027  inches. 

You  will  observe  that  these  figures  are  derived 
from  the  theoretical  effects  of  purely  static, 
quiescent  loads,  and  would  not,  of  course,  com¬ 
pare  at  all,  with  the  practical  effects  of  moving 
loads  with  their  accompanying  impact;  but  for 
the  present  purpose,  of  investigating  the  com¬ 
parative  transverse  strength  of  the  component 
parts  of  the  rail  splice,  the  conditions  above  as¬ 
sumed  will  answer.  So  much  then  for  the  rail 
part  of  the  joint. 

To  ascertain  next  the  effect  of  the  wheel  load 
upon  the  two  angle  bars,  considering  them  firm¬ 
ly  united  to  each  other,  and  doing  equal  duty, 
the  wheel  resting  in  the  middle  of  the  bars,  and 
the  bars  standing  in  their  normal  position  as  if 
spliced  but  disconnected  from  the  rail,  is  some¬ 
what  more  complicated  than  the  determination 
of  the  resisting  capacities  of  the  rail  section. 

A  mere  glance  at  the  shape  of  the  angle  bars, 
and  their  position  in  the  completed  joint,  will 
suffice  to  show  that  the  effective  capacity  of  the 
bars  to  resist  a  vertical  load  applied  in  the  mid¬ 
dle  of  their  length  cannot  be  determined  from 
the  elements  which  enter  into  similar  solutions 
in  bodies  of  symmetrical  sections,  with  their 
centres  of  gravity,  neutral  axis  and  centres  of 
gyration  on  lines  normal  and  at  right  angles  to 
the  direction  of  the  load.  Neither  cau  it  be  as¬ 
sumed  that  all  parts  of  the  angle  bar  section 
would  be  effective  under  the  usual  methods  for 
determiniug  the  strength  of  symmetrical  bodies. 
Take  for  instance  a  case  slightly  exaggerated, 
but  still  illustrating  the  point  in  question;  if  the 
two  legs  of  the  angle  bars  were  of  equal  length 
and  thickness  and  inclined  to  each  other  exactly 
at  right  angles, *one  leg  standing  perpendicular 
and  the  other  resting  with  its  entire  surface 
upon  a  horizontal  support  ;  the  centre  of  gravity 
of  the  bar  would  in  such  a  cafe  be  outside  of  its 
cross-section,  in  the  angle  between  the  two  legs. 

Now  if  a  load  were  placed  on  top  of  the  verti¬ 
cal  leg  of  the  angle,  its  effect  upon  the  extreme 
fibres  of  both  legs  certainly  would  not  be  equal, 
although  the  fibres  are  equi-distant  from  the 
geometrical  neutral  axis;  indeed  it  is  very  evi¬ 
dent  that  the  horizontal  leg  does  not  carry  any 
considerable  part  of  the  load  and  that  the  part 
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of  its  section  outside  of  the  prolongation  of  the 
vertical  leg  is  not  affected  to  any  great  extent,  if 
at  all,  although  the  surplus  metal  contained  in 
the  horizontal  leg  may  increase  the  tensile 
strength  of  the  lower  part  of  the  section,  as 
against  the  compressive  strength  of  its  upper 
part,  where  no^corresponding  surplus  metal  ex¬ 
ists.  In  other  words  the  geometrical  neutral  axis 
of  the  bar  section  is  not  the  proper  datum  line 
from  which  to  deduce  its  strength;  but  that  an¬ 
other  line,  which  may  be  called  the  static  neutral 
axis,  is  much  more  nearly  the  datum  line  for  the 
development  of  the  moments  and  stresses  due  to 
vertical  loads. 

but  referring  again  to  the  sketch  it  will  be  no¬ 
ticed  that,  owing  to  the  peculiar  attachment  of 
the  bars  to  the  rail,  the  transmission  of  the  load 
through  the  rail  head  by  way  of  the  inclined 
contact  line  under  t^ie  rail  head,  and  the  re¬ 
transmission  from  the  angle  bar  to  the  top  of  the 
inclined  rail  base,  the  direction  of  the  thrust  is 
somewhat  problematical;  it  certainly  is  not  ver¬ 
tical,  but  its  vertical  origin  is  decomposed  into 
two  oblique  forces,  the  direction  and  magnitude 
of  which  I  have  endeavored  to  locate  by  the  fol¬ 
lowing  methods: 

The  location  of  the  neutral  axis  was  ascer¬ 
tained  by  balancing  a  brass  templet  of  the  angle 
bar  section  over  the  edge  of  a  knife  blade,  tak¬ 
ing  care  to  maintain  the  knife  edge  parallel  to 
the  bottom  line  of  the  templet.  The  moment  of 
inertia  about  this  horizontal  axis  was  then  cal¬ 
culated  in  the  usual  way,  and  from  it  the  radius 
of  gyration. 

To  locate  the  centres  of  inertia  upon  the  plat¬ 
ted  cross-section  of  the  bar,  the  respective  cen¬ 
tres  of  gravity  of  the  portions  above  and  below 
the  neutral  axis  were  determined,  and  a  line 
drawn  through  these  centres  of  gravity. 

The  centres  of  inertia  were  taken  on  this  line 
at  a  perpendicular  distance  from  the  neutral 
axis  equal  to  the  radius  of  gyration.  This  result 
is  shown  in  figure  5. 

The  two  centres  of  inertia  are  not  in  the  same 
vertical  line,  and  the  line  joining  them  is  inclin¬ 
ed  to  the  vertical,  and  therefore  also  inclined  to 
the  line  of  action  of  the  load. 

The  resistances  of  the  upper  and  lower  seg¬ 
ments,  with  reference  to  a  vertical  load  and  hor¬ 
izontal  axis,  are  not  in  the  same  plane,  and  if  the 
bar  were  not  supported  laterally,  it  would  ro¬ 
tate  upon  its  base.  But  if  supported  laterally 
the  resultant  force  must  act  along  the  inclined 
direction,  and  with  twro  bars  bolted  upon  the 
sides  of  the  rail,  we  obtain  the  conditions  showrn 
by  Fig.  0. 

The  force  acting  upon  each  angle  bar  will  be 
the  component  of  the  vertical  load,  in  the  direc¬ 
tion  of  the  inclined  line  of  resistance;  and  the 


resistance  of  the  bar  will  not  be  represented  by 
its  moment  of  inertia  about  a  horizontal  axis, 
but  by  its  moment  about  an  axis  at  right  angles 
to  the  inclined  line  and  through  the  centre  of 
gravity  of  the  section.  The  value  of  this  mo¬ 
ment  has  therefore  been  calculated  and  is  the 
one  which  has  been  used  for  calculating  the 
strength  and  the  deflection  of  the  angle  bar. 
The  angle  which  this  oblique  line  of  resistance 
makes  with  the  vertical  and  also  its  secant  are 
shown  on  the  figure  marked  6. 

The  sectional  area  of  one  of  the  angle  bars  for 
a  69  pound  rail  is  2.671  square  inches,  its  moment 
of  inertia  is  3.147,  its  radius  of  gyration  is  1.086, 
and  the  angle  between  the  vertical  and  the  line 
of  thrust  as  developed  above  is  35  degrees. 

Considering  the  angle  bars  to  be  of  iron,  with 
an  allowable  fibre  strain  of  25,000  pounds  per 
square  inch,  the  calculated  transverse  strength 
of  the  two  bars,  disconnected  from  the  rail, 
would  equal  a  vertically  applied  load  of  17,300 
pounds,  and  the  flexure  under  the  above  assumed 
load,  in  the  middle  of  the  bars,  is  0.0074  inch. 
Steel  angle  bars  of  the  same  dimensions  and 
under  equal  conditions,  allowing  45,000  pounds 
fibre  strain  per  square  inch,  will  carry  28,850 
pounds  and  deflect  0.007  inches. 

If  the  method  pursued  in  determining  the 
properties  of  the  angle  bar  is  correct,  we  may 
then  presume  to  know,  as  far  as  theoretical  cal¬ 
culations  permit,  the  transverse  strength  and 
deflection  of  the  rail  section  alone,  loaded  at  the 
joint,  and  the  strength  and  deflection  of  the 
angle  bars  loaded  in  the  middle  independent  of 
the  rail;  the  next  step  will  be  to  ascertain  the 
combined  strength  of  the  two,  when  properly 
attached  and  united  to  each  other,  for  in 
that  manner  the  load  will  be  applied  in  prac¬ 
tice. 

As  shown  above,  the  actual  transverse  strength 
of  the  projecting  rail  end  is  49,175  pounds;  its 
fibre  strain,  due  to  aw7heel  load  of  20,000  pounds, 
is  18,300  pounds,  and  its  end  deflection  is  0.0054 
inch;  the  actual  transverse  strength  of  the  angle 
bars  is  17,300  pounds  writli  a  fibre  strain,  due  to 
the  wlieel  load,  of  25,200  pounds  for  the  top 
flange,  and  27,800  pounds  for  the  bottom  flange, 
and  a  deflection,  under  equal  load,  of  0.0074 
inch.  The  work  done  by  that  load,  acting  upon 
the  completed  splice,  consists  of  bending  two 
projecting  rail  ends  and  the  pair  of  angle  bars 
through  a  deflection  distance,  wTiich,  from  the 
nature  of  the  fastenings,  must  be  common  to  all 
the  members  in  the  combination;  and  this  equal¬ 
ity  of  deflection  affords  the  means  of  determin¬ 
ing  wdiat  proportion  of  the  load  is  borne  by  the 
rails  and  by  the  splice  bars  respectively. 

The  general  formulm  for  deflections  are: 

For  projecting  beam  loaded  at  the  end — 
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IF  P 
®  ~~  3  E  I 


(a) 


For  beam  on  two  supports  loaded  at  the  cen¬ 
ter — 


IF  P 
~  48  E  1 


(b) 


Let  IF  =  total  wheel  load. 

Let  tv  =  that  part  of  IF  expended  in  bending 
each  projecting  rail  end. 

Let  w'  =  that  part  of  W  expended  in  bending 
the  pair  of  angle  bars. 

Let  I  =  moment  of  inertia  of  the  rail  .-action. 

Let  V  —  moment  of  inertia  of  the  two  angle 
bars. 

Let  L  =  clear  span  between  joint  ties. 

Let  ^  =  l  for  rail  ends. 

2 


Let  l'  =  clear  span  between  intermediate  ties. 
By  substituting  these  values  in  equation  (a) 
and  (6)  we  have: 

For  each  rail  end — 


d  = 


3  El 


w  L3 

24  E  1 


(1) 


And  for  a  pair  of  angle  bars — 
w  'L3 


d  = 


(2) 


48  El' . 

The  deflections  being  alike  for  both  we  may 
write — 

w  L3  w'  L 2 


24  El  ~  48  E  V :  "* 
By  cancellation  this  becomes — 


(2) 


Or, 


w 

1  = 
2  w 


w 

2  F’ 
w' 


i  ~  r  ’ 

Which  may  be  written,  2 w:iv'=  I  :I' . (4) 

From  which  also  2iv:2w+tv'=  1:1+1'. 

But  2w  +  w'=W ; 

and  by  substituting,  2w:W=I :  I+F, 

IF  I+F 
2  I 

Recurring  to  (4)  and  taking  the  sum  of  the 
terms  in  the  reverse  order  we  have — 


from  which 


w 


(5) 


2 ip  +  w' :  w' = 1+ 1'  :F  or  W  :w' =I+I':I' 

♦  ' 

from  which, w'  =  IF  -  ^  -  . . (6) 

i+r  w 

These  two  equations,  (5)  and  (6),  determine  the 
proportions  in  which  the  load  is  distributed  to 
the  several  members  composing  the  joint.  In 

other  words,  the  total  load  IF,  so  applied  as  to 
test  equally  upon  the  two  rail  ends,  and  trans¬ 
mitting  its  force  through  the  rail  ends  upon  the 
aaigle  bars,  in  such  manner  as  to  produce  equal 
deflections  in  the  rails  and  angle  bars,  is  decom¬ 
posed  into  the  forces  iv  and  ip',  the  former  acting 
through  the  rails  and  the  latter  through  the  an¬ 
gle  bars. 


Now  if  figures  tell  the  truth,  the  stress  on  the 
flange  fibres  of  the  angle  bars,  produced  by  that 
part  of  the  total  load  IF  which  causes  the  deflec¬ 
tion  in  the  bars  equal  to  the  deflection  of  the 


IF  F 


and  S  =  WL  e  Sec-a  - 


rail,  =  id'  =  _ _ _ _ 

I+I'  4  (I  +  1') 

20,000  x  14.5  x  2.2  x  1.22  _  Q  ,on  , 

—  4  (-17.43+^ - 8’190  p0Unds 


(7) 


and  the  stress  on  the  flange  fibres  of  the  pro¬ 
jecting  rail  end,  produced  by  that  part  of  the 
load  IF  which  causes  a  deflection  in  the  rail  ends 

IF 

equal  to  that  of  the  angle  bars,  =  iv  =  x 

2 

j-JTj’  and  S  =  4  V)  =  6,724  P°unds-  •  -(8> 

These  figures  would  bring  the  fibre  strains  in 
angle  bars  and  rails  within  the  limits  usually  al¬ 
lowed  lor  safety,  even  if  we  allow  an  addition  of 
50  per  cent  to  the  load  for  impact,  but  when  the 
uncertain  effects  of  lateral  shocks  and  the  cen¬ 
trifugal  force  of  rapidly  moving  trains  are  added, 
the  exterior  angle  bars  on  the  outer  rail  of  the 
curve  would  likely  be  found  deficient  in  safe 
strength,  if  not  actually  strained  beyond  the 
limits  of  elasticity. 

The  fibre  strain  of  a  portion  of  rail  resting 
upon  two  intermediate  cross -ties,  loaded  in  the 

W  T 

middle,  =  S  =  £  - ,or  9,150  pounds,  and,  if  the 


e 

rail  is  considered  fixed  at  the  supports,  which, 
on  account  of  its  continuity,  is  more  nearly  its 
actual  condition,  the  fibre  stress  is  only  4,575 
pounds,  showing  that  the  body  of  the  rail  is 
nearly  twice  as  strong  as  the  angle  bars  and  fully 
50  per  cent,  stronger  than  the  projecting  rail 
ends  at  the  joints. 

Referring  again  to  formulae  7  and  8,  we  notice 
that  the  fibre  stress  in  the  projecting  rail  ends, 
due  to  that  part  of  the  load  IF  which  produces 
the  equal  deflections  in  rail  ends  and  angle  bars, 

£  =  4  ^  +  /')  ’  and  ^4ie  s^ress  in 

angles  due  to  that  part  of  the  load  W,  producing 

its  effect  upon  the  splice  bars,  S'  =  ^ ^  e  sec‘  a‘ 
P  4  {I+I') 

Comparing  these  equations,  we  see  that  if  the 
rails  and  splices  were  of  equal  metal,  they  would 
be  of  equal  strength  if  e  =  e'  sec.  a. 

But  the  allowed  maximum  fibre  strain,  S,  in  steel 
is  45,000  pounds,  while  that  for  iron,  S',  is  only 
25,000  pounds  per  square  inch,  both  figures  apply¬ 
ing  to  the  limit  at  which  crippling  takes  place. 
From  this,  S'  =  §  S. 

IF  l  e 

For  rail  on  intermediate  ties,  <S  =  ~ 

_  q  _  §  IF  l  c  _  IF  L  e'  sec.  a. 

4/  4  (I  +  I7)  ’ 
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5  l  e  _  L  e'  nee.  a 
OT*  9  /  “  (/  +  /')  ‘ 

_  5  l  (J+  D  e 

~  9  e'  sec.  a  I 

For  67- pound  rail,  fhis  is  equal  to  L  =  l  x  0.61; 
or,  in  other  words,  if  intermediate  ties  are  spaced 
144  inches  apart,  joint  ties,  in  order  to  make  the 
joints  of  equal  strength  with  the  body  of  the 
rail,  should  be  spaced  only  8.84  inches  apart. 

This  corresponds  exactly  with  the  experiments 
made  by  Baron  von  Weber,  Minister  of  Public 
Works  of  Prussia,  in  which  he  measured,  by 
registering  scales  placed  under  the  rails,  the 
different  deflections,  caused  by  the  passing  loads 
upon  rails  between  joint-ties  and  between  inter¬ 
mediate  ties,  and  from  which  observations  he 
established  the  general  rule,  that,  with  the  ordi¬ 
nary  angle  bar  splices,  joint-ties  should  be  plac¬ 
ed  0.6  the  distance  of  intermediate  ties.  [See  his 
report  in  London  Engineering .  vol.  X,  page  294.] 

It  is  not  presumed  that  the  foregoing  figures 
are  intended  to  show  the  actual  strength  of  the 
splice  joints,  or  even  give  an  approximate  ap¬ 
proach  thereto,  but  they  cannot  fail  to  demon¬ 
strate  the  relative  weakness  of  the  joints  as  com¬ 
pared  with  the  body  of  the  rail.  Add  to  this 
inherent  weakness  the  many  causes  tending  to 
aggravate  the  case,  such  as  the  imperfections  in 
the  track,  even  under  the  most  careful  supervision 
flat  wheels,  worn  ties,  rough  wheel  flanges,  loose 
bolts  and  rough  surfaces  of  contact  of  the  parts 
composing  the  rail  joints,  and  you  may  well  say, 
“No  wonder  that  they  break.”  Of  course,  these 
aggravating  causes  apply,  at  least  to  a  certain 
extent,  to  the  other  portions  of  the  track,  but 
they  exert  themselves  more  effectively  in  the 
weaker  spots,  and  the  fact  still  remains  that  the 
joint  is  the  weak  spot  in  the  track,  and,  since 
the  greatest  strength  of  any  structure  is  only 
that  of  its  weakest  part,  it  seems  strange  that  so 
little  has  been  done  by  the  profession  to  inves¬ 
tigate  this  subject  and  improve  the  existing  de¬ 
fects;  and  when,  in  addition  to  what  I  have  said 
to  you  on  the  theoretical  weakness  of  these 
joints,  I  tell  you  that  I  have  found  1,130  broken 
angle  bars  on  a  single  division  of  six  miles  of 
track,  you  will  naturally  be  surprised;  and  I  con¬ 
fess  that  I  was  quite  startled  by  the  discovery. 

On  six  miles  of  track,  counting  the  rails  to  be 
of  30  feet  length,  there  are  2,112  joints,  or  4,224 
angle  bars,  of  which  27  per  cent,  were  found 
broken;  but,  strange  to  say,  every  one  was  broken 
on  the  top,  in  the  middle  of  the  joint,  between 
the  two  interior  bolt  holes,  the  fracture  extend¬ 
ing  from  the  outer  edge  downwards  in  lengths 
varying  from  i  inch  to  the  total  width  of  the 
vertical  leg  of  the  angle  bar,  but  in  not  a  single 
case  did  the  fracture  extend  into  the  bottom 
flange  or  horizontal  leg  of  the  angle  bar,  and  the 


rupture  wus  in  every  case  a  clean  tear,  evidently 
caused  by  extension  of  the  upper  fibres  of  the 
top  flange. 

You  will  see,  therefore,  that  these  fixtures  do 
not  break  according  to  the  rules  of  the  books. 
They  defy  your  statical  moment  and  sneer  at 
your  modulus  of  resistance.  They  break  most 
numerously  when  entirely  new,  just  after  being 
laid,  notwithstanding  the  most  perfect  support 
and  most  careful  adjustment.  They  break  every¬ 
where,  although  they  do  it  most  persistently  on 
gravel  ballast,  but,  in  the  absence  of  any  ballast, 
they  break  as  well;  indeed,  they  seem  to  have  a 
preference  for  the  smooth  and  perfectly  built 
floors  of  iron  bridges  and  viaducts. 

It  is  undoubtedly  true  that  a  large  share  of  this 
destruction  of  joints  is  due  to  the  defective 
metal  in  the  bars.  I  never  had  any  analysis  made 
of  the  material,  and  I  cannot  definitely  say  to 
what  extent  furnace  cinder  preponderates  in  the 
composition.  Some  iron  manufacturers  <  present 
company,  of  course,  excepted)  do  sell  some  very 
inferior  metal  to  railroad  companies  occasional¬ 
ly,  just  for  the  purpose  of  showing  how  easy  it 
is  for  them  to  deceive  the  young  graduate  from 
the  Polytechnic  Institute,  who  is  learning  the 
practical  part  of  the  profession  at  the  expense 
of  the  railroad  company  while  serving  with  the 
title  of  “Inspector”  at  a  rolling  mill. 

These  failures,  however,  did  not  occur  with 
angle  bars  of  the  sections  shown  in  the  preced¬ 
ing  figures,  the  dimensions  of  which  have  been 
used  in  the  foregoing  calculations;  they  occurred 
with  bars,  a  section  of  which  is  shown  in  Fig.  7. 
The  present  standard  section  is  slightly  in¬ 
creased,  and  it  is  proper  to  state  that  thus  far  no 
failures  have  been  reported  of  the  new  bars,  of 
which  a  small  number  have  been  recently  laid. 

The  original  advocates  of  the  so-called  sus¬ 
pended  rail  joint  never  anticipated  such  results, 
nor  did  its  opponents  ever  point  them  out.  The 
effect  is  due  to  causes  not  looked  for  by  either 
side.  What,  then,  is  causing  the  mischief,  and 
what  is  its  remedjT? 

When  we  find  a  piece  of  iron  bent  downwards 
at  the  ends,  with  the  upper  fibres  palled  apart  in 
the  middle  and  the  lower  fibres  crushed,  we 
know  that  either  one  or  the  other  of  the  ends 
was  bent  downwards  over  a  middle  support, 
while  the  other  end  was  being  held  in  position, 
or  that  both  ends  were  bent  down  together. 
Again,  we  know  that  the  construction  of  a  pro¬ 
jecting  beam  of  uniform  strength  throughout  its 
length  must  be  such  that  each  cross-section,  no 
matter  where  taken,  is  of  such  area  as  to  satisfy 
the  bending  moment  produced  by  the  load.  This 
would  imply  a  structure  similar  to  the  gradual 
re-enforcements  from  projecting  end  to  sup¬ 
ported  part,  in  a  spring  with  its  successive  lay- 
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ers  of  leaves,  or  the  increasing  diameters  of  the 
tubes  of  a  sliding  telescope.  If  any  section  be  of 
less  area  than  that  required  to  satisfy  the  bend¬ 
ing  moment  of  the  load,  rupture  would  take 
place  at  that  point. 

Now,  it  must  be  admitted  that,  although  the 
action  of  the  forces  affecting  a  rail  joint  is  differ¬ 
ent  from  those  assumed  in  the  foregoing  calcula¬ 
tions,  there  is  still  ample  proof  that  the  joint  is 
really  the  weak  spot  in  the  track.  This  weak¬ 
ness  naturally  admits  of  a  greater  movement  and 
vibration  under  passing  loads  at  the  joint  and  its 
adjacent  supports  than  at  any  intermediate 
points.  Standing  alongside  of  a  railroad  track 
when  a  train  passes  over  it,  this  fact  becomes  at 
once  apparent  to  the  observer.  It  is  very  notice¬ 
able  during  a  rain,  on  a  line  ballasted  with  fine 
gravel  or  sand,  when  the  disturbance  of  the 
joint-ties  will  cause  water  to  collect  under  them 
during  the  upward  movement,  which  water  is 
again  forced  out  by  the  downward  movement, 
cutting  well-defined  gutters  from  the  ends  of  the 
joint-ties  down  the  ballast  slopes,  while  no  such 
effect  is  noticeable  at  the  intermediate  ties.  I 
have  even  observed  similar  evidence  on  the  sand- 
ballasted  railroads  of  the  western  plains,  during 
high  winds,  which  blow  away  the  ballast  from  the 
ends  of  the  joint-ties,  where  it  is  agitated  by  their 
movement  under  the  passage  of  trains,  while  no 
such  effect  is  produced  elsewhere  along  the  track. 

Unless  these  joint-ties  receive  extraordinary 
special  attention,  on  the  part  of  the  trackmen, 
their  neglected  condition  will  inevitably  cause 
the  troubles  above  related.  Indeed,  I  doubt  very 
much  whether  any  amount  of  care  would  prevent 
the  natural  consequences  of  a  defect  inherent  in 
the  present  arrangement. 

Suppose  the  ballast  under  the  joint-tie  A,  Fig. 
8,  to  be  washed  out  to  the  extent  indicated,  while 
the  joint-tie  C  is  undermined  to  a  less  degree 
or  not  at  all.  When  the  heavy  driving  wdieel  of 
an  engine  strikes  the  tie  A,  the  deflection  pro¬ 
duced  by  the  load  would  cause  bending,  or  prob¬ 
ably  rupture  at  C,  if  the  beam  (rail  and  splice 
combined)  were  of  uniform  strength  throughout; 
but  the  rail  being  severed  at  B,  the  strength  of 
that  part  of  the  beam  between  A  and  B  consists 
of  the  angle  bars  alone,  and  if  the  capacity  of  the 
angle  bars  to  resist  the  moment  of  the  load  and 
its  leverage  A  B  is  less  than  the  united  capac¬ 
ity  of  the  rail  and  angle  bars  to  resist  the  moment 
of  the  load  and  its  leverage,  A  C,  then  rupture 
must  take  place  at  B.  The  fibre  strain  in  the 
angle  bars  at  B  is  found  by  calculation  to  be 
almost  double  that  of  the  fibre  strain  in  rail  and 
angles  combined  at  C,  and  rupture  at  B  would 
therefore  be  inevitable  under  the  circumstances, 
if  the  load  at  A  and  its  impact  are  sufficient  to 
produce  it  anywhere. 


There  is  upon  any  railroad  track,  irrespective 
of  its  support,  and  noticeable  even  upon  the 
most  rigidly  ballasted  road-bed,  a  wavelike  mo¬ 
tion,  preceding  every  approaching  train,  con¬ 
forming,  in  an  irregular  manner  perhaps,  to  the 
rise  and  deflection  under  a  passing  load  of  a  con¬ 
tinuous  beam  resting  upon  several  supports. 
This  wave  would  undoubtedly  terminate  in  an 
upward  movement  at  any  joint  between  two  sup¬ 
ports,  where  the  continuity  of  the  beam  ceases; 
and  some  theorists  have  attributed  the  ruptures 
in  the  upper  flanges  of  the  angle  bars  to  this 
cause  but  the  undulations  caused  by  this  wrave- 
like  movement  are  too  insignificant  to  produce 
such  an  effect,  if  the  supports  all  maintain  their 
fixed  positions  in  the  plane. 

Until  convinced  by  better  proof,  I  am  inclined 
to  adhere  to  my  opinion  that  the  rupture  of  the 
angle  bars  is  purely  tensional.  caused  by  the  two 
rail  ends  acting  successively  as  cantilevers  on 
each  half  of  the  length  of  the  angle  bars,  with  a 
maximum  strain  at  the  middle  of  the  bars. 

This  action  is,  moreover,  aggravated  whenever, 
by  wear  or  slackening  of  the  nuts  or  bolts,  all 
surfaces  of  the  joint  connection  are  no  longer  in 
perfect  parallelism;  the  movement  tending  to 
break  the  bars  is  twice  repeated  by  the  passage 
of  every  wheel,  first,  as  it  approaches  the  leading 
tie,  causing  that  to  be  depressed  (even  in  the 
best  stone  ballast)  for  a  certain  distance,  while 
the  receiving  tie,  with  its  rail  end  and  its  half  of 
the  angle  bar,  remains  in  another  plane,  its  nor¬ 
mal  position;  evidently,  being  bolted  together, 
the  one  end  loaded,  the  other  free,  there  must 
be  a  bending  moment  on  the  bars  which  connect 
them  equal  to  the  difference  in  actual  level,  how¬ 
ever  small,  of  the  leading  and  receiving  ties  into 
the  load,  and  aggravated  by  the  momentum  and 
many  incidental  causes,  the  next  instant  this 
movement  is  reversed;  now  the  receiving  tie  has 
the  load  and  the  first  leading  tie,  with  its  rail 
end,  is  free,  its  own  elasticity  and  that  of  the  rail 
tending  to  raise  it  to  its  former  normal  position. 
In  both  movements  the  bars  receive  such  a  strain 
as  to  produce,  after  a  number  of  repetitions,  the 
rupture  above  described. 

This  solution  seems  sufficiently  satisfactory  to 
me  as  far  as  the  breakages  on  ballasted  track  are 
concerned.  As  to  that  part  of  the  conundrum 
relating  to  the  breakages  on  perfectly  floored 
bridges  and  viaducts,  I  am  constrained  to  follow 
the  well-known  example  of  that  much  traduced 
animal  that  tried  to  join  its  mate  on  the  opposite 
shore  without  crossing  the  stream — I  give  it  up. 

For  the  purpose  of  comparing  theory  with 
practice,  I  give  you  below  the  results  of  seven 
tests  made  by  Mr.  T.  Eodd,  under  the  supervision 
of  Mr.  Onward  Bates,  both  members  of  this 
Society,  of  the  transverse  strength  of  several 
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types  of  rail  joints  in  use  in  1876.  These  tests 
were  made  at  the  Keystone  Bridge  Works.  Steel 
rail  ends  of  60  pounds  weight  per  yard,  and  of 
the  standard  section  used  by  the  Pennsylvania 
Company  at  that  time,  were  spliced  and  bolted 
together  in  the  usual  manner,  successively,  with 
straight  splices;  with  straight  splice  on  one  side 
and  angle  bar  on  the  other;  with  double  angle 
bars  of  Pennsylvania  railroad  pattern;  with 
double  angle  bars  of  Pennsylvania  Company  pat¬ 
tern;  with  two  straight  Samson  bars;  with 
straight  Samson  bar  on  one  side  and  angle  Sam¬ 
son  bar  on  the  other,  and  with  double  Samson 
bars.  A  test  was  also  made  of  the  transverse 
strength  of  a  solid  piece  of  60- pound  steel  rail 
twenty-four  inches  long.  The  piston  pressure 
was  applied  in  the  middle  of  the  lengths  of  the 
spliced  end  of  the  rail  section  with  the  following 
results.  The  series  embraced  eight  experiments. 


No. 

Description. 

Length. 

Weight. 

1.. 

P.  R.  R.  standard  2  straight  bars. 

24  inches. 

18  lbs. 

2.. 

“  “  1  “  and  1 

angle . 

24  “ 

07  “ 

3.. 

P.  R.  R.  standard  2  angles . 

24 

35 

4.. 

Penna.  Co.  standard  2  angles . 

24 

29%  “ 

5.. 

Samson  joint  2  straight  bars . 

24  “ 

20  ** 

6.. 

“  “  1  “  and  1  angle. 

24  “ 

234  “ 

7.. 

“  “  2  angles . 

24 

26  4  “ 

8.. 

Steel  rail  60  lbs.  per  yard . 

•••••• 

The  tests  were  made  on  bearings  twenty  inches 
apart,  with  results  as  follows: 


In  test  No.  8,  the  solid  rail,  «o  pounds  P.  It.  It. 
standard,  showed  tirst  permanent  set  of  1-64  inch 
at  #7,500  pounds  load,  and  at  18*2,000  it  failed  by 
splitting  under  the  head. 

The  Samson  bar  is  a  modification  of  the  fish 
bar  and  the  angle  bar,  consisting  in  u  reduction 
of  the  sectional  areu  near  the  ends  of  the  bars  to 
save  metal  and  a  very  slight  increase  over  the 
sectional  areas  of  the  fish  and  angle  burs  in  the 
middle. 

The  tests  show  that  while  the  straight  Samson 
bar  is  somewhat  stronger  than  the  straight  tlsh 
bar,  the  Samson  angle  bar  presents  no  advan¬ 
tages  over  the  regular  standard  angle  bars.  The 
tests  of  the  joints  composed  of  one  straight  bar 
and  one  angle  give,  as  may  be  expected,  rather 
unsatisfactory  results. 

The  strength  of  the  solid  rail,  as  developed  by 
the  test,  is  more  than  double  the  strength  of  the 
angle  bar  joint,  which  proves  the  correctness  of 
the  theoretical  calculations. 

Upon  several  lines  of  railway,  angle  bars  are 
used  in  the  manner  tirst  above  described,  but  the 
joint  is  spported  by  a  cross-tie  directly  under  the 
rail  ends  in  the  middle  of  the  splice  bars,  as 
shown  in  Fig.  9.  Such  a  joint  would  seem 
exposed  to  danger  from  two  sources:  In  case  the 
first  tie  from  the  joint  is  low,  the  load  would  still 
tend  to  rupture  the  angle  bar  on  the  top  flange 
by  tension,  the  load  at  A  acting  with  a  leverage 
A  B,  the  edge  of  the  joint  tie,  B,  being  the  ful- 
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Fish. 


Fish  and  an¬ 
gle  . 


Penna.  Co. 
angle... 


Samson  lish 

Samson  tish 
and  angle.. 

Double  Sam- 


Deflection  under  Successive  Loads. 

ULTIMATE 

10,000. 

15,000. 

20,000. 

25.000. 

30,000. 

* 

•• 

43 

QJ 

43 

43 

a> 

43 

a> 

43 

<V 

Remarks. 

CD 

ac 

00 

ac 

ac 

No. 

43 

43 

43 

. 

43 

43 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

0 
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0 

® 

O 
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O 

O 

O 

0 

O 

43 

a 

2 

43 

2 

43 

2 

43 

2 

O 

ce 

0 

efi 

O 

eg 

O 

eg 

O 

eg 

© 

© 

g 

<V 

g 

<D 

g 

© 

g 

O 

g 

•o 

© 

u 

32 

s-i 

<2 

u 

32 

Ih 

32 

E 

a 

<c 

c; 

a> 

O 

0 

0) 

O 

a> 

O 

a> 

0 

© 

0 

HH 

Q 

Ph 

Q 

PU 

Q 

a 

0 

M 

Q 

l.. 

1 

1  6 

0 

16 

0 

JSl 

64 

0 

3, 

32 

0 

50,  960 

3" 

Broke  1  bar. 

1  2.. 

3 

i;  t 

0 

3 

32 

0 

4 

+ 

a. 

64 

1 

32 

n 

32 

1*6 

60,060 

“  2  bolt*. 

3.. 

0 

0 

1 

3  2 

0 

A 

1  6 

0 

n 

64 

_1_ 

1  OH 

7 

6  4 

1 

64 

79,300 

6*  •»  U 

1  4” 

6  4 

0 

.  3 

6  4 

0 

A 

% 

0 

A  + 

0 

7 

64 

1 

32 

83,720 

3" 

5.. 

3 

64 

0 

3 

3  2 

-1- 

7 

64 

312 

A 

slf 

76,700 

3  V 

6.. 

a 

64 

0 

1*8 

«\ 

3 

64 

lit  + 

A 

3 

6  4 

74,700 

3  4" 

'»  24”  lat.defl.  of  angle. 

7.. 

.  1  „ 

1 00 

JL 

64 

1  Broke  1  angle  some 

32 

0 

3 

3  2 

6  4 

6  4 

_JL 

64 

4 

78,000 

2 

\  lat.  defi.  of  sound 

1  angle. 
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crum,  a  slight  upward  movement  must  occur  at 
the  rail  ends  every  time  a  wheel  passes  from  C  to 
B  over  the  depressed  tie,  A,  tending  to  rupture 
the  angle  bars  at  B;  and,  in  case  the  joint-tie 
itself  is  low,  the  load  at  B  would  tend  to  com¬ 
press  the  top  Ranges  of  the  bars  with  a  force 
increased  by  the  lengthened  span  between  sup¬ 
ports. 

Angle  bars  have  also  been  introduced  of  suffi¬ 
cient  length  to  extend  over  three  ties,  the  rail 
ends  meeting  over  the  middle  tie;  this  evidently 
stiffens  the  unsupported  portions  of  the  rail 
between  the  middle  tie  and  two  adjacent  ties  and 
overcomes  the  tendency  to  rupture  of  the  upper 
bar  flange  at  the  joint,  but  it  does  not  relieve  the 
two  other  troubles  mentioned  in  the  last  case, 
and  I  doubt  whether  the  additional  cost  of  the 
joint  is  compensated  by  the  advantages  it  may 
possibly  afford. 

Still  another  form  of  splice  is  coming  into 
use,  a  section  of  which  is  shown  in  Fig.  10.  If 
the  breakages  heretofore  described  would  have 
been  avoided  by  a  larger  top  flange  area,  then 
this  new  section  of  angle  seems  to  afford  a  rem¬ 
edy;  to  what  extent  its  sharp  re-entering  angles 
may  complicate  the  rolling  process,  especially  in 
steel  bars,  some  practical  member  maybe  able  to 
say. 

The  so-called  “Fisher  Joint”  is  recommended 
and  endorsed  by  engineers  who  have  tried  it  in 
the  track;  it  consists  of  a  “U ’’-shaped  trough,  of 
a  width  to  fit  the  base  of  the  rail,  and  of  a  length 
of  about  twenty-one  inches,  the  ends  resting 
upon  two  joint  ties,  the  rail  being  secured  by  U- 
shaped  bolts,  passing  under  the  splice  and  fast¬ 
ened  by  nuts  to  the  rail  base,  which  is  checked 
or  slotted  for  that  purpose;  the  devise  is  shown 
in  Fig.  11.  The  trough  certainly  prevents 
deflection  of  the  rail  ends,  and  its  sides  confine 
the  rails  against  lateral  displacement,  but  its 
introduction  meets  with  opposition  on  account 
of  the  radical  changes  it  involves,  embracing  not 
only  the  slotting  and  punching  of  the  rails,  but 
the  necessary  checking  down  of  the  joint- ties  to 
receive  the  plates. 

The  best  joint  is  the  one  that  accomplishes  the 
purpose  fully  at  the  least  cost.  The  economical 
limit  for  a  practical  and  safe  joint  seems  to  have 
been  reached  in  the  standard  angle  bar  above 
described,  and  if  the  breakage  can  be  avoided 
by  a  slight  increase  in  the  section,  as  indicated 
in  the  standards  of  1N84,  and  by  the  careful  selec¬ 
tion  of  good  iron  or,  if  necessary,  by  the  adop¬ 
tion  of  mild  steel,  I  would  consider  the  problem 
satisfactorily  solved  as  far  as  actual  danger  from 
weakness  of  the  joints  is  concerned.  The 
increased  wear  of  the  connecting  parts,  and  the 
consequent  irregularity  produced  in  the  move¬ 
ment  of  trains  over  the  joints,  will  not  be  over- 
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come  until  a  joint  is  invented  as  perfect  as  the 
unbroken  rail,  which  amounts  to  an  impossi¬ 
bility. 

In  conclusion,  allow  mo  to  apologize  for  pre¬ 
senting  to  you  a  subject  of  so  little  general  inter¬ 
est,  the  consideration  of  which,  if  it  should 
receive  any  at  all,  must  be  con  lined  to  the  few 
unfortunates,  who  share  my  own  unenviable  lot. 
But  the  profession  is  gradually  disintegrating 
into  specialties,  and  the  pursuit  of  one  branch  of 
knowledge  is  becoming  enough  for  one  man; 
indeed,  I  have  found  it  sometimes  to  be  too 
much. 

The  universal  genius  is  becoming  scarce  in 


this  world,  and  we  must  content  ourselves  to 
give  and  receive  such  contributions  as  our  lim¬ 
ited  individual  stock  in  trade  will  ufTord. 

Perhaps,  after  all.  some  of  you  never  knew  that 
splice  bars  would  break,  and  you  might  have 
been  killed  on  a  railroad  from  the  effects  of  a 
broken  joint  and  never  have  known  the  cause. 
Of  course,  to  a  dead  man,  this  would  not  be  a 
matter  of  much  consequence,  but  the  knowledge 
that  your  untimely  end  was  due  to  the  distortion 
of  the  radius  of  gj'ration  in  a  rail  section,  or  to 
the  buckled-up  moment  of  inertia  in  a  splice 
bar,  might,  perhaps,  be  a  source  of  consolation 
to  your  grief- stricken  widow. 


DISCUSSION,  FEBRUARY  17. 


Mr.  Jones:  I  do  not  propose  to  offer  any 
original  ideas  of  my  own  on  this  subject,  but 
propose  to  give  the  embodiment  of  the  exper¬ 
ience  and  practice  of  Robert  H.  Sayre,  now  Chief 
Engineer  of  the  Southern  Pennsylvania  Rail¬ 
road  and  lately  Chief  Engineer  and  General 
Manager  of  the  Lehigh  Valley  Railroad.  Mr. 
Sayre  starts  out  with  three  questions  to  con¬ 
sider,  First:  The  car  wheel  and  its  form;  sec¬ 
ond,  the  rail  and  its  form;  third,  the  fish  bar 
and  its  form. 

Mr.  Sayre  from  his  observation  and  experience 
has  decided  on  a  standard  for  his  car  wheels  as 


follows:  On  all  wheels  the  tread  is  perfectly 
straight,  with  a  §"  radius  between  tread  and 
flange,  the  flange  having  an  angle  of  10°.  Mr. 
Sayre  unhesitatingly  condemns  (and  I  think 
justly  so)  the  use  of  the  taper  tread  wheel, 
which  I  think  naturally  originated  with  the  pat¬ 
tern  maker  and  moulder.  To  thoroughly  test 
the  superiority  of  the  straight  tread  over  the 
taper  tread  wheel,  two  cars  were  carefully  con¬ 
structed.  One  was  fitted  with  straight  tread  and 
the  other  with  taper  tread  wheels  but  were  the 
same  in  every  other  particular.  These  cars  were 


run  over  a  straight  track  at  a  high  rate  of  speed. 
The  car  with  taper  tread  wheels  showed  consid¬ 
erable  side  vibration,  while  the  car  with  the 
straight  tread  wheels  ran  with  little,  or  scarcely 
any  side  vibration.  This  satisfied  him  thorough¬ 
ly  to  abandon  the  use  of  taper  tread  wheels.  It 
must  be  obvious  to  any  mechanical  mind,  that 
there  can  be  no  utility  in  using  taper  tread 
wheels,  as  the  difference  in  the  peripheries  must 
result  in  abrasion,  if  the  whole  surface  of  the 
top  of  the  rail  is  in  contact  with  the  wheel;  and 
if  not  in  contact,  then  the  whole  load  is  borne 
by  but  a  part  of  the  rail  and  wheel. 


Pi  iinttylvania  It. It.  Standard 
fi7  t(>.  Rail  »(•  Splice- Bar. 


In  deciding  upon  the  radius,  between  flange 
and  tread  of  wheel,  Mr.  Sayre  was  governed  by 
the  actual  experience  gained  on  the  Lehigh  Val¬ 
ley  Railroad.  The  same  in  regard  to  the  degree 
of  angle  adopted  for  flange.  Having  decided  on 
the  form  of  car  wheel  to  be  used,  he  then  pro¬ 
ceeded  to  design  a  rail,  whose  bearing  surface 
should  at  once  conform  to  the  surface  of  the 
wheel,  and  not  wait  for  months  of  travel  over 
the  road  to  get  the  wheels  and  rails  as  they 
should  be  at  the  start.  His  «»7  pound  rail  in  use 
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on  the  Lehigh  Valley  road  is  inches  wide  at 
the  points  of  intersection,  of  the  sides  of  the 
rail  head  produced,  with  a  horizontal  line  drawn 
across  the  top  of  the  rail.  The  angle  of  the 
side  of  the  rail  heads  corresponds  with  the  angle 
of  the  flange  of  the  wheel,  (10°);  and  the  radius, 
between  tread  and  flange  of  wheel,  corresponds 
with  the  radius  between  the  top  and  side  of  rail. 
The  angle  of  the  under  side  of  head  and  the 
angle  of  flanges  are  14  degrees.  At  the  intersec¬ 
tion  of  side  and  underside  of  the  head  the  ra¬ 
dius  is  quite  small  (|")>  so  as  to  give  as  wide  a 
bearing  for  the  flsli  bar  as  possible. 

The  construction  of  flsli  bar  as  shown  in  draw¬ 
ing,  gives  a  good  support  to  the  head  of  the  rail 
as  well  as  good  contact;  while  the  form  of  the 
upper  part  of  the  fish  bar,  which  is  really  a  half 
section  of  an  I  beam,  gives  strength  to  that  part 
of  the  flsli  bar  which  has  heretofore  been  the 
weakest  part,  and  is  also  sufficiently  strong  to 
prevent  buckling  as  is  frequently  done  in  badly 
constructed  joints. 

All  road  masters  know  that  the  first  fracture 
occurring  in  fish  bars  generally  commences  on 
the  side  of  bar  next  to  the  top  of  rail,  due  no 
doubt  to  the  change  of  fulcrum,  while  train  is 
passing  over  joint.  I  do  not  propose  nor  at¬ 
tempt  to  elucidate  why  the  fish  bar  first  fails  at 
that  point.  Suffice  to  say  that  we  know  it  does 
so,  and  I  should  think  it  proper  for  the  engi¬ 
neer  to  strengthen  that  weak  point,  which  is 
generally  known  to  be  a  very  weak  point,  in  rail¬ 
road  engineering.  I  think  Mr.  Sayre  certainly 
overcomes  this  weakness  as  shown  in  the  sec¬ 
tion  of  fish  bar  which  he  has  designed. 

Comparing  Mr.  Sayre's  section  of  67  pound 
rail  with  fish  bar  attached,  with  the  P.  R.  R. 
standard  68  pound  rail  and  fish  bar,  we  find  the 
contact  surface  between  the  flsli  bar  and  head  of 
rail  is  f  inches,  while  the  P.  R.  R.  fish  bar  and 
rail  only  gives  §  inches,  and  is  so  weak  that  I  am 
informed,  it  buckles  when  heavy  trains  pass 
over  it,  and  it  certainly  is  totally  inadequate  to 
perform  the  duty  for  which  it  was  intended.  I 
think  the  majority  of  engineers  who  design  rail 
sections  do  not  give  the  question  of  contact 
surface  between  fish  bar  and  rail  that  attention 
it  deserves.  Complaints  are  frequent,  especially 
from  western  roads,  of  rails  battering  down  at 
the  ends  and  the  rail  makers  are  at  their  wits 
end  to  overcome  the  evil. 

Rails  have  been  made  as  hard  as  possible,  com¬ 
patible  with  safety,  and  they  do  not  appear  to  do 
much  better  than  soft  ones;  and  thus  rails 
wear  well  anywhere  but  at  the  joints.  Yet  en¬ 
gineers  turn  and  energetically  d — n  the  rail 
makers  because  they  are  unable  to  make  rails 
hard  enough  to  stand  the  pounding  of  high 
speed  trains,  over  a  weak  and  inefficient  point, 


rail  mills.  I  find  in  our  section  book,  ten  dif¬ 
ferent  sections  of  rails  weighing  from  59  to  60^ 
pounds  per  yard  and  not  one  section  has  enough 
contact  surface  under  the  head  to  admit  of  a  fish 
bar  thicker  than  4  inch,  and  some  of  these  vary 
so  slightly  that  it  requires  great  care  to  see  that 
we  do  not  roll  rails  off  of  the  wrong  rolls. 

Mr.  Sayre,  anxious  to  avoid  the  oblong  holes 
generally  punched  in  fish  bars,  has  seriously 
considered  the  use  of  the  heavy  grip  bolt  for  use 
on  the  tracks  of  the  Southern  Pennsylvania  rail- 


and  yet  be  ductile  enough  to  insure  the  safety 
of  human  life. 

I  submit  for  the  inspection  of  members  of  this 
society  drawings  of  six  sections  of  rails,  design¬ 
ed  by  Mr.  Sayre,  all  embracing  the  same  general 
ideas,  embodied  in  his  67  pound  section.  [See 
this  and  folloAving  page.] 

y 
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Rail  50  lbs.  per  yard: 

Weight  of  Splice  25  lbs. 

Now  if  our  engineers  could  adopt  a  score  of 
standard  sections,  they  would  certainly  assist  in 
materially  reducing  the  cost  of  production,  while 
at  the  same  time  they  would  be  more  apt  to  get 
rails  with  smooth  surface,  as  each  mill  could  af¬ 
ford  to  always  keep  duplicate  rolls  on  hand  at  a 
small  expense  compared  with  the  vast  array  of 
rolls  that  now  adorn  every  spare  corner  of  our 
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Rail  55  lbs.  per  yard. 
Weight  of  Splice  SI  lbs. 
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road  and  is  now  discussing  the  use  of  steel  for 
tish  bars  in  place  of  iron.  In  conversation  I  rec¬ 
ommended  to  have  the  holes  in  fish  bars  drilled 
instead  of  punched,  and  to  slot  half  circle  holes 
,Y'  diameter  to  prevent  bolt  from  turning;  the 


engineers  that  discussed  this  plan.  One  thing 
is  certain, to  maintain  a  good  roadway,  particular¬ 
ly  on  the  western  roads  using  gravel  tallest, better 
joint  connections  must  be  adopted  than  now  ex- 


Weight  of  S})licc  36  lbs. 

bolt  to  have  projection  to  suit.  I  think  tLat 
punching  of  material  is  a  “relic  of  barberism” 
and  think  that  with  a  little  experience  that  the 
cost  of  drilling  the  holes  would  be  but  a  slight 
increase  over  the  cost  of  punching.  Rail  mak¬ 
ers  I  feel  sure  would  rather  drill  the  rails  than 
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Rail  67  lbs.  per  yard. 
Weight  of  Splice  40  lbs. 


punch  them,  as  the  cost  of  maintaining  drills, 
and  drill  presses,  is  far  less  than  maintaining 
punches  and  punching  machines.  Mr.  Sayre  is 
also  seriously  considering  the  subject  of  cutting 
the  *>nds  of  rails  at  an  angle  of  60°.  This  cer¬ 
tainly  will  be  a  step  nearer  to  a  continuous  track, 
as  the  space  between  end  of  rails  can  be  reduced 
30  per  cent,  while  the  crushing  of  joints  could 
be  partially  guarded  against.  Mr.  J.  D.  Hawlie, 
Chief  Engineer  of  the  Michigan  Central  Rail¬ 
road,  years  ago  had  plans  made  to  have  the  rail 
cut  in  the  above  manner  and  is  one  of  the  first 


Weight  of  Splice  42  lbs. 

ist.  and  I  have  no  hesitation  in  saying  that  the 
majority  of  fish  bar  connections  now  in  use  are 
totally  inadequate  and  inefficient,  and  from  my 
personal  observation  of  the  roadway  of  the  Le¬ 
high  Valley  I  think  that  the  combination  of  rail 


i  *r  I  •* 
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jjetf  8SA*  per  yard. 

Weight  of  Splice  4.*»  lbs. 


and  fish  bar  connection  is  decidedly  the  best  I 
have  seen. 

Mr.  Darlington:  I  would  like  to  ask  if  you 
adopt  the  method  of  the  two  round  holes,  it  is 
proposed  to  have  a  man  on  each  side  of  the  bolt 
to  screw  the  bolt  up;  also  in  making  your  bolt, 
how  will  you  allow  for  expansion  and  contrac¬ 
tion? 

Mr.  Jones:  I  would  simply  explain  that 
ordinarily  you  drill  a  hole  and  you  have  k"  ex¬ 
pansion  in  the  joint.  You  can  readily  make  this 
bolt  in  the  same  way. 
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Mr.  Darlington:  What  is  to  keep  that  bolt 
from  turning?  You  say  that  a  circular  hole  here 
(pointing  to  sketch)  would  do  that! 

Mr.  Jones:  That  is  illustrated  by  means  of 
this  drawing,  his  method. 

Mr.  Darlington:  In  other  words,  you  ex¬ 
pect  to  increase  the  cost  about  ten  times  of  your 
splice  bars  in  order  to  arrive  at  a  result  which 
you  now  have  with  oblong  holes.  Until  the 
method  of  punching  holes  is  given  up  the  ob¬ 
long  hole  is  presumably  the  cheapest  thing.  As 
soon  as  you  give  that  up  then  it  would  be  time 
enough  to  talk  about  drilling  those  slot  holes, 
but  at  present  it  would  so  far  increase  the  cost 
of  splice  bars  that  it  would  make  it  out  of  the 
pockets  of  railroads,  in  the  present  depression 
of  trade. 

Mr.  Jones:  I  will  simply  answer  that  by 
saying  that  your  present  fish  bar  is  the  most 
costly  luxury  you  have. 

Mr.  Darlington:  I  deny  that!  You  are  just 
a  year  behind  the  present  angle  bar.  The  angle 
bar  adopted  by  the  Pennsylvania  Company  lines, 
and  the  Pan  Handle  lines,  as  the  standard  is  not 
composed  of  pot  metal  and  will  stand  a  tensile 
strain  which  is  equal  to  the  emergency,  and 
which  is  designed  so  as  to  give  the  greatest  pos¬ 
sible  area  as  a  bearing  surface  under  the  head 
of  the  rail.  The  fact  which  you  have  described 
of  buckling  out  has  never,  in  my  experience, 
even  with  the  old  angle  bar  which  broke  so  fre¬ 
quently,  happened  under  any  circumstances. 

Mr.  Jones:  What  is  your  bearing  surface 
under  the  head? 

Mr.  Darlington:  About  ^  of  an  inch. 

Mb.  Jones:  We  can  easily  prove  that.  You 
can  not  get  that  under  the  rail.  Your  rail  is 
made  in  this  form  (sketch). 

Mr.  Darlington:  I  think,  Mr.  Jones,  yon 
are  two  years  behind  on  your  rail  as  you  were 
one  year  behind  on  the  splices. 

Mr.  Jones:  I  know  exactly  what  the  rails 
are,  for  I  have  made  them. 

Mr.  Darlington:  I  do  not  dispute  that, 
but  our  angle  bar  is  as  much  superior  to  our  old 
angle  bar  as  our  old  angle  bar  was  superior  to 
the  old  fish  plate  without  the  angle. 

Mr.  Jones:  In  the  first  place  if  that  is  not 
composed  of  poor  material  punching  may  not 
hurt  it,  but  if  of  poor  material  punching  that 
sort  and  size  of  a  hole  in  fish  bars  will  weaken 
them,  or  else  I  do  not  know  anything  about  en¬ 
gineering  mechanics.  Now  as  to  the  cost  of 
making  these  fish  bars  and  drilling  that  kind  of 
a  hole.  To-day  the  question  of  drilling  holes  in 
steel  rails  and  punching  them  is  a  question  of 
economy.  In  the  maintenance  of  machinery,  I 
certainly  prefer  to  drill  holes  to  punching  them. 
We  have  accomplished  that  much.  While  you  may 


punch  them  quicker  than  you  may  drill,  in  the 
matter  of  cost  you  are  way  ahead  on  the  drilling, 
I  am  satisfied  that  in  designing  work  you  can 
figure  on  slotting  a  little  or  hole  just  as 
cheap  as  any  of  these  mills  can  roll  and  punch 
the  angle  bars. 

A  Member:  I  will  endeavor  to  satisfy  Mr. 
Jones  that  railroad  car  wheels  should  be  tapered. 
The  reason  they  are  tapered  is  not  because  the 
molder  wants  to  taper  them.  The  wheels  are 
tapered  on  account  of  the  curves  on  the  roads. 
I  will  just  show  you  here  (illustrating  on  board). 
If  you  have  a  curve  the  outside  wheel  must 
make  a  larger  curve  than  the  inside.  Now,  if 
you  taper  your  wheel  or  both  wheels,  you  get, 
as  shown  in  sketch  (illustrating  on  board)  the 
circumference  or  rather  the  different  radii  that 
the  wheel,  which  rests  here  on  the  rail,  the  radii 
of  the  curves  the  wheels  will  make,  or,  it  will  go 
through  a  longer  distance  if  it  rests  near  the 
inner  end.  Now,  suppose  the  section  of  rail  is 
like  this  (illustrating)  on  the  curve,  this  being 
the  outside  of  the  rail  and  this  the  inside, — as 
soon  as  the  car  gets  in  the  curve  the  outside 
wheel  will  be  reversed,  and  the  inside  wheel  will 
be  like  this,  (illustrating)  thus  doing  away  with 
the  tendency  to  press  against  the  rail,  causing 
the  friction  to  be  less.  Now  the  engineers 
adopted  it  for  this  very  reason. 

Mr.  Jones:  I  think  I  can  convince  you  in 
a  few  moments  you  are  wrong.  In  a  taper  tread 
wheel  there  is  a  difference  in  the  periphery;  now 
modern  engineers  in  building  curves  elevate  the 
outer  rail  and  aim  to  keep  wearing  surface  of 
rail  in  alignment.  There  is  no  reason  why  a 
taper  tread  wheel  is  necessary  to  run  around  a 
curve,  and  particularly  so  as  the  taper  is  in  the 
wrong  direction  to  do  any  good. 

Mr.  Darlington:  I  agree  with  Mr.  Jones’ 
remarks  regarding  the  taper  tread  wheel.  It  is 
a  relic  of  barbarism  so  far  as  practice  is  con¬ 
cerned.  Mr.  Hencke,  in  the  first  edition  of  his 
work,  doubted  the  utility  of  it. 

Mr.  Jones:  I  forgot  to  mention  one  thing. 
Mr.  Biddle  (?)  connected  with  the  New  York 
Central  Railroad,  in  the  Iron  Age,  gave  a  descrip¬ 
tion  of  an  86  pound  rail  designed  by  the  New 
York  Centra]  Railroad  and  in  use  in  the  Central 
Station  and  outer  switch,  New  Y'ork.  I  thought 
I  had  that  paper  with  me.  The  rail  is  made  with 
a  broad  head  and  follows  Mr.  Sayres’  outlines 
pretty  thoroughly.  He  intended  to  follow  the 
plan  and  have  the  rail  with  a  large  base  (I  should 
have  said  it  has  comparatively  a  thin  head 
though  broad)  but  owing  to  the  objection  of  the 
rail  makers  he  reduced  the  base,  and  in  speak¬ 
ing  of  reducing  the  base  of  the  rail  to  meet  the 
requirements  of  the  rail  makers  he  said  he  added 
considerable  to  the  stiffness  of  the  rail,  so  loco- 
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motives  in  going  over  it,  even  with  a  heavy  load, 
would  distribute  the  load  over  two  or  three  ties. 

Suppose  you  take  the  old  05  pound  rail  oi  the 
Pennsylvania  railroad, which  no  modern  engineer 
would  adopt  to-day  as  a  standard  rail.  Yet  that 
rail  was  easier  kept  in  line  than  the  modern  07 
pound  rail.  The  roadmasters  tell  me  that  three 
men,  with  crow  bars,  could  line  the  rail,  but  it 
is  impossible  to  do  that  with  the  present  section. 

Take  the  Pennsylvania  Railroad,  the  New  York 
Central,  the  Pan-Handle,  the  Fort  'Wayne,  it  is 
simply  nonsense  to  ask  a  67-pound  rail  to  stand 
the  enormous  traffic  going  over  these  rails.  I 
do  not  think  any  of  these  lines  should  have  less 
than  72  or  74  pound  sections  and  tliePennsylvania 
should  have  nearer  80  pounds. 

Mr.  Henning:  I  have  read  Mr.  Becker’s  pa¬ 
per  on  this  question  of  calculating  the  strength 
of  splice  bars.  He  finds,  under  assumption  of 
static  strains,  that  the  splice  bar  is  too  weak.  I 
think  the  calculation  by  static  strains  is  entirely 
out  of  the  question.  The  proper  calculation 
should  be  based  upon  the  dynamic  effect  of  a 
rolling  load.  It  is  all  impact.  The  moment  the 
load  approaches  a  joint  there  will  be  a  downward 
deflection,  and  the  first  effect  is  that  the  head  of 
the  rail  strikes  the  top  of  the  splice  bar  at  the 
joint  and  compresses,  or  cuts  into,  it.  It  is  a 
question  of  impact.  Mr.  Becker  has  shown  that 
the  static  action  of  these  excessive  loads  alone  is 
injurious  to  the  metal  because  he  actually  shows 
the  strain  existing  there  under  that  load  ap¬ 
proaches  the  elastic  limit  so  closely  that  there 
must  be  a  permanent  set  in  the  splice  bars  for 
these  loads.  Under  the  action  of  impact  we 
know  that  the  work  done  is  twice  what  it  is  in 
the  other  instance,  that  it  has  twice  the  inten¬ 
sity  of  the  effect  produced  by  a  static  load. 

Now,  when  we  consider,  as  Mr.  Jones  has 
stated,  the  narrow  support  of  the  head  on  the 
splice  plate,  we  readily  see  why  they  are  broken 
on  top.  I  think  that  if  you  pass  along  any  rail¬ 
road  in  the  state,  or  out  of  it,  you  will  find  it  as 
a  fact  that  the  splice  bar,  if  a  good  one,  will 
show  a  decided  crushing  effect  on  its  upper  edge 
after  some  service,  and  then  a  slight  upward  de¬ 
flection  in  the  bar  will  break  it  right  there  (illus¬ 
trating).  The  top  of  it  however  will  be  so  (il¬ 
lustrating.) 

The  rail  which  rests  on  here  hammers  in  and 
gradually  breaks  the  metal  there,  and  the  effect 
will  be  to  crush  the  material  before  the  strain 
has  really  been  transmitted  to  the  lower  part  of 
the  splice  plate.  I  believe  Mr.  Becker  says  he 
found  a  dynamic  strain  of  17,300  pounds.  Now 
a  load  of  17,000  pounds  on  such  material  is  suffi¬ 
cient  to  produce  a  permanent  set  with  ordinary 
iron.  Even  if  you  take  a  very  good  iron  it  will 
produce  a  marked  effect,  a  permanent  deflection, 


or  change  of  form  at  that  point.  When  we  con¬ 
sider  all  these  things  we  see  there  is  actually  a 
weakness  there,  although  we  know  that  looking 
at  it  from  astatic  point  of  view,  supposing  strains 
to  be  applied  uniformly,  that  the  plates  may  In* 
strong  enough  theoretically;  but  theoretically 
does  not  mean  practically  because  all  our  calcu¬ 
lations  are  based  upon  the  assumption  that 
strains  are  applied  uniformly  and  upon  material 
which  is  entirely  homogeneous  and  perfectly 
elastic.  All  railroad  authorities  know  that.  The 
whole  plate  does  not  take  the  strain  uniformly. 
The  top  surface  here  must  transmit  all  the  strain 
to  the  other  material  below'  it,  and  a  truin  going 
very  rapidly  will  crush  all  this  material  and 
gradually  break  it  off  there,  without  transmit¬ 
ting  the  maximum  effect  throughout  the  section. 

Another  point  is  that  the  bearing  the  rail  takes 
upon  the  splice  bar  is  only  about  £  inch,  and  if 
you  will  figure  the  pressure  on  that  area,  taking 
the  load  and  distributing  it  over  the  bearing 
surface,  you  will  find  that  the  load  is  far  beyond 
the  elastic  limit — the  load  per  square  inch,  tak¬ 
ing  from  the  nearest  tie  to  the  rail  joint,  is  be¬ 
yond  the  allowable  strain  per  square  inch  under 
compression. 

In  machinery  we  allow  from  2,500  to  3,500 
pounds  per  square  inch  on  any  surface  where 
there  is  impact.  In  this  case  instead  of  2,500  or 
3,500  we  actually  have  strains  of  30,000 
pounds.  Now  splice  bars  may  be  made  of 
metal  which  may  be  anything  at  all  picked  out 
of  the  scrap  heap.  The  railroad  is  perhaps  rep¬ 
resented  by  an  inspector,  a  young  graduate  fresh 
from  school,  who  knows  nothing  about  iron  and 
little  about  mills,  and  he  perhaps  is  feted  and 
taken  carriage  riding  while  the  rolling  is  going 
on,  and  he  does  not  know  and  caunot  say  what 
the  splice  bars  are  made  of,  and  then  the  railroad 
company  has  to  suffer  for  it. 

I  was  merely  going  to  call  attention  to  the  fact 
that  I  do  not  think  it  is  correct  to  calculate  the 
strength  of  the  splice  bar  on  a  railroad  track  on 
the  assumption  that  it  is  subjected  to  static 
loads.  It  is  not  a  static  load  at  all  but  a  dynamic 
effect  and  should  be  calculated  accordingly. 

Mr.  Becker:  If  the  gentleman  had  read  my 
paper  more  carefully,  he  would  have  discovered 
that  I  distinctly  disclaimed  the  absolute  correct¬ 
ness  of  the  result  of  my  theoretical  calculations, 
which  are  based  upon  the  assumption  of  certain 
quiescent  static  loads,  and  that  I  fully  appre¬ 
ciate  the  dynamic  effect  of  impact  and  vibra¬ 
tion.  But  in  the  absence  of  experiments  made 
under  moving  loads,  w’liich  might  afford  a  basis 
for  calculation,  I  treated  the  question  theoreti¬ 
cally,  assuming  static  loads,  on  the  supposition 
that  the  ratio  of  results  so  obtained, of  the  strength 
of  joint  ns  compared  with  solid  rail,  would  not 
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differ  very  materially  from  the  ratio  of  strength 
under  the  effect  of  dynamic  loads. 

Mr.  Henning:  That  is  the  very  point  I  raised. 
There  is  no  parallel  between  the  two  cases.  In 
the  one  case  we  know  what  is  going  to  happen 
but  in  the  other  we  do  not  know.  I  think  that 
although  that  analysis  is  perfectly  correct  if  you 
assume  a  static  load  to  be  applied,  it  is  not  at  all 
in  accordance  with  fact  when  you  render  the  ef¬ 
fects  as  they  are.  It  is  well  enough  to  make  a 
calculation  and  think  that  the  result  ought  to 
compare  with  actual  practice,  but  we  know  that 
the  assumption  on  which  this  calculation  is 
based  is  not  what  you  find  in  practice.  I  do  not 
think  the  results  in  practice  are  what  the  re¬ 
sults  obtained  might  indicate. 

Although  we  cannot  calculate  correctly  the  ef¬ 
fect  of  impact  we  can  approximate  it  sufficiently 
for  practical  purposes,  and  therefore  should  not 
judge  of  the  strength  of  splice  bars  on  the  basis 
of  a  calculation  based  on  the  effect  of  static 
loads,  as  it  will  invariably  lead  to  erroneous  im¬ 
pressions  and  results. 

Mr.  Eodd:  I  was  absent  at  the  reading  and 
former  discussion  of  Mr.  Becker’s  paper.  He 
prefaced  his  remarks  by  saying  the  paper  was  of 
no  great  importance;  it  has  however  awakened  a 
verj’  lively  interest  not  only  here  but  wherever 
the  technical  journals  reach .  It  is  to  such  papers 
as  Mr.  Becker’s  and  the  thoughtful  consideration 
which  originates  them  that  we  owe  advance  in 
methods.  A  great  point  in  such  papers  is  that 
they  confine  the  attention  for  the  time  to  a  given 
limited  field. 

In  regard  to  the  “Sayre”  rails  and  joints  Captain 
Jones  has  shown  us,  he  has  dwelt  on  the  rail  sec¬ 
tions,  which  no  doubt  have  much  to  do  with  the 
joint.  Mr.  Sayre  is  in  the  lead  in  this  country  in 
considering  the  joint  question  and  in  having 
adopted  (doubtless  after  careful  consideration  of 
old  methods  here  and  in  Europe)  a  joint  of 
marked  peculiarity  and  excellent  efficiency,  of 
which  I  have  a  sketch,  see  Fig.  1.  The  joint  is 
not  as  originally  designed  quite  like  Captain 
Jones’  drawing;  it  had  the  bolt  swedged  down  to 
smaller  diameter  at  center  to  allow  for  expansion 
without  too  large  a  hole  in  the  rail. 

This  joint  has  the  metal  standing  out  under 
the  side  of  head  of  rail.  On  the  angle  bar  joints, 
where  the  rail  is  worn  much,  especially  in  severe 
side  wear  on  curves,  I  have  frequently  seen  the 
top  of  angle  bar  and  even  the  bolt  head  cut  away 
by  wheels,  as  in  Fig.  2. 

If  such  heavy  sections  of  rail  as  this  (Sayre  83 
lbs.  rail)  should  come  into  use,  their  economy 
will  depend  largely  on  length  of  service.  Such  a 
head  as  this  must  give  good  wear  to  make  it  de¬ 
sirable;  it  must  wear  down  so  that  the  residual 
part  must  not  lie  in  too  great  proportion  to  that 


worn  off;  in  addition,  when  nearly  worn  out,  it 
must  have  the  necessary  strength  and  stiffness  as 
well  as  when  new.  Take  this  rail,  weighing  say 
125  to  130  tons  per  mile,  you  may  wear  15  tons  or 
more  off  the  head,  still  110  or  115  tons  remain,  or 
more  than  new  67  lbs.  rail,  although  you  may  get 
50  per  cent,  or  more  wear  out  of  the  heavy  rail. 

To  come  back  to  the  joint,  which  was  called  the 
Fritz  and  Sayre,  I  would  think  it  would  be  cut 
away  on  inner  bar  when  rails  are  well  worn, 


especially  on  lines  with  considerable  curvature. 

As  to  the  wheel  flanges  and  the  shape  of  head 
of  rail,  that  question  is  being  ably  discussed 
elsewhere.  Captain  Jones  has  confined  his  criti¬ 
cism  to  the  weakness  of  the  “Pennsylvania” 
joint  and  blames  “the  engineers”  for  not  desir¬ 
ing  a  better  section;  I  will  only  say  that  until 
more  knowledge  of  facts  is  shown  as  to  this, 
judgment  should  be  withheld. 


The  punching  of  splice  bars  does  not  seem  to 
me  in  any  way  objectionable;  the  bars  do  not  fail 
at  the  holes  and  could  only  do  so  when  very 
loose;  punching  is  the  cheapest  way  to  make  the 
holes  and  I  see  no  force  in  the  suggestion  to  drill 
these  holes  and  then  drill  these  smaller  notches 
to  keep  bolts  from  turning. 

Referring  to  the  remark  of  Mr.  Henning  as  to 
impact  and  wear,  and  failure  of  bars  thereby,  no 
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doubt  impuct  lms  much  to  do  with  joints  break¬ 
ing,  but  hurdly  in  the  way  he  mentioned.  Such 
wear  is  only  seen  when  the  bars  are  loose.  I 
have  seen  it  in  plain  Ash  burs. 

The  tests  quoted  by  Mr.  Beeker  were  made  in 


1870,  by  the  American  Kailway  Supply  Company, 
to  demonstrate  the  value  of  the  Samson  joint;  I 
was  present  and  took  notes;  they  showed  the 
Samson  a  strong  joint  so  far  as  such  tests  go; 
they  are  only  comparative;  with  one  form  they 
give  a  good  comparison.  Lately  I  have  made  a 
few  tests, using  the  Pennsylvania  Company  splice. 
They  are  but  single  tests  but  fairly  agree  with 
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previous  tests.  All  the  tests  were  made  by 
placing  the  pieces  on  bearings,  4&-inch  iron  cylin¬ 
ders,  20  inches  apart,  and  applying  force  through 
another  44-inch  cylinder  half  way  between  bear¬ 
ings.  The  deflection  and  set  were  noted  at  dif¬ 


ferent  strains  but  will  uot  be  quoted,  as  circum¬ 
stances  made  it  difficult  to  get  correct  measure¬ 
ments. 
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The  samples  were: 

1.  A  24 -inch  length  of  67  lbs.,  4£  inch  steel  rail. 

2.  A  standard  joint  as  above  with  two  rail  ends, 
each  about  12  inches  long,  bolted  up,  with  Verona 
nut  locks;  see  Fig.  2  for  section. 

3.  Same  as  No.  2,  but  test  was  made  by  placing 
head  of  rail  on  bearings  and  applying  force  at 
joint  in  base  of  rail;  see  Figs.  3  and  4. 

4.  Two  angles  bars  bolted  together  as  shown  in 
Fig.  5,  force  applied  at  top;  two  small  blocks 
were  forged  during  tests  to  give  bearing  under 
bars;  they  were  about  3  inches  by  3  inches,  of 
section  shown,  roughly  fitting  to  bars. 

The  results  were: 

1.  Showed  a  marked  set  at  100,000  lbs.  strain. 
The  greatest  strain  wns  229,000  lbs.; 
rail  was  permanently  bent  down  about 
2^  inches  from  a  line  joining  ends; 
no  cracks. 

2.  Showed  permanent  set  at  about 
32,000  lbs.;  at  9,900  lbs.,  one  end  bolt 
was  sheared  off;  this  was  ultimate 
strength;  the  bars  did  not  crack;  their 
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3  the  rail  was  quite  straight  after  the  test;  the 
main  work  of  the  bar  to  resist  breaking  was  at 
the  upper  edge  at  the  joint  in  rails;  this  is  easily 
understood  when  we  consider  how  the  bars  are 
gripped;  the  neutral  axis  in  the  bars  alone  passes 
through  the  lower  part  of  vertical  leg  (Fig.  6), 
but  the  joint  is,  I  suspect,  considerably  nearer 
the  upper  edge  of  bar,  so  that  the  resistance  of 
those  fibres  has  a  smaller  lever  arm  than  in  the 
bars  alone. 

There  has  been  nothing  said  as  to  the  service 
of  the  bolts;  they  affect  the  strength  of  joint 
decidedly,  being  screwed  up  tight  and  kept  so. 
They  are  capable  of  sustaining  9,000  lbs.  each  in 
the  direction  of  their  length  at  the  elastic  limit. 

Considering  the  nature  of  the  ser¬ 
vice  of  these  bars,  their  shape,  the 
grip  of  the  rails  on  them  and  many 
other  circumstances,  I  know  of  no 
way  of  accurately  determining  the 
ever  varying  conditions  from  con¬ 
sideration  of  which  their  strength 
might  be  calculated;  by  making  a  large 
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flanges  turned  up  as  in  Fig.  4;  they  were  strongly 
gripped  by  the  bolts  to  head  and  base  of  rail. 
This  test  agrees  with  American  Kailway  Supply 
Company’s  tests,  considering  the  different  sec¬ 
tion;  these  bars  would  fit  the  (60  lb.)  rail  then 
in  use. 

3.  Showed  marked  set  (by  the  gauge)  at  2,400 
lbs.;  the  greatest  strain  was  48,000  lbs.  This 
shows  two-tliirds  the  strength  ol  No.  2  at  elastic 
limit,  which  is  the  point  to  consider,  and  about 
half  the  ultimate  strength  of  No.  2.  The  flanges 
turned  up  as  shown  in  Fig.  4,  as  was  the  case 


number  of  experiments  we  should  gain  consider¬ 
able  knowledge.  I  have  calculated  the  moment 
of  inertia  and  the  strength  at  the  elastic  limit  in 
the  usual  way. 

The  two  bars,  as  in  Fig.  5,  have  a  moment  of 
inertia  equal  to  4.17  and  would  sustain,  by  cal¬ 
culation,  26,000  lbs.  at  12-inch  bearings  at  the 
elastic  limit;  this  reduced  to  20-inch  bearings 
would  be  as  20  to  12.  or  16,200  lbs.;  test  No.  4 
made  this  strain  at  20-inch  bearing  about  26,000 
lbs.  or  60  per  cent,  more  than  calculation,  while 
test  No.  2  would  show  the  joint  double  the 


with  No.  2,  although  in  this  (No.  3)  test  the  angles 
were  bent  in  the  opposite  direction.  One  bar 
cracked  as  shown,  precisely  as  the  old  pattern  of 
angle  bars  cracked  in  service. 

4.  The  permanent  set  was  marked  at  a  strain  of 
about  26,000  lbs.;  the  ultimate  strength  was 
52,000  lbs.  One  bar  cracked  at  angle,  about  7 
inches,  in  center  in  length  of  bar. 

By  comparing  No.  2  with  No.  4,  we  see  that  the 
joint  strength  is  greater  than  the  strength  of  the 
bars  alone.  No.  3  shows  twd-thirds  of  the  down¬ 
ward  strength  for  the  upward  strength.  In  No. 


strength  of  the  two  bars  as  calculated.  The  cal¬ 
culation  in  the  paper  gives  a  strength  of  17,300 
lbs.  at  14J  inches,  which  would  correspond  with 
12,500  lbs.  at  20 -inch  bearings,  which  is  less  than 
half  the  strength  of  two  bars  as  in  No.  4,  and  30 
per  cent,  less  than  by  the  ordinary  calculation. 

The  static  tests  will  not  give  us  the  strength  of 
the  joint,  nor  the  calculations  their  value 

In  sections,  as  Fig.  7,  the  theory  that  the  value 
of  any  particle’s  resistance  is  as  the  square  of  its 
distance  from  the  neutral  axis  will  not  hold  good. 
Considering  a  vertical  force  on  the  upright  legs, 
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the  value  of  the  material  in  the  horizontal  leg 
probably  decreases  faster  than  its  distance  from 
the  other  leg  increases,  but  with  ordinary  sec¬ 
tions,  if  the  lower  leg  is  no  longer  than  depth  of 
other  leg,  the  method  generally  used  should  give 
correct  results  up  to  the  elastic  limit.  In  an  I 


sometimes  on  bridges  but  generally  after  con¬ 
siderable  service. 

If  we  take  the  whole  of  Fig.  U  as  u  solid  section, 
then  for  one-eighth  or  one-sixteenth  of  an  inch 
in  length  we  omit  the  shaded  part,  we  have  a  con¬ 
dition  somewhat  analogous  to  that  in  our  joints; 


_ 
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beam  the  outer  flange  fibres  doubtless  resist  less 
than  those  at  top  and  bottom  of  web,  still  the 
ordinary  method  of  calculation  gives  safe  and 
economical  results. 

In  considering  the  strain  on  the  joints,  the  case 
illustrated  by  Fig.  8  and  similar  ones,  gives  rise  to 
severe  work  at  joints  and  at  the  special  place 
where  the  bars  break.  We  have  the  joint  ties 
of  greater  surface  and  supported  on  denser  ma¬ 
terial,  from  frequent  tamping,  than  the  ordinary 


ties;  under  equal  loads  it  may  readily  be  that  the 
rail  over  the  ordinary  ties  may  deflect  several 
times  as  much  as  over  the  joint  ties,  making  .the 
rails  levers  over  the  joint  ties  fulcra,  or  placing 
the  rail  in  the  condition  of  a  continuous  girder, 
and  in  short  giving  the  weak  spot  in  the  joint 
severe  strain  which  is  reversed  as  the  wheels 
pass  over  it;  it  may  sometime  be  that  the  joint 
ties  are  “down”  for  a  while  and  then  the  downward 
deflection  is  large;  by  constant  reversal  of  strain 
the  old  joint  failed,  sometimes  when  new  and 


that  the  rail  would  strengthen  the  part  unshaded 
could  hardly  be  doubted;  of  course  it  is  not  in 
practice  strengthened  to  such  an  extent. 


In  some  sections  there  is  considerable  metal 
over  this  outer  part  of  rail  flange,  but  it  is  of 
small  value  except  to  keep  rails  from  creeping. 


Via. in 
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Years  ago,  with  tlie  chair  iron,  some  rails  would 
creep  so  as  to  make  6  inches  in  a  day  at  a  given 
point.  Tlie  rails  frequently  crept  unequally, some¬ 
times  in  opposite  directions.  Many  will  call  to 
mind  pieces  of  track  in  whicft  the  ties  stood  some 
ten  or  fifteen  degrees  out  of  a  square  line  to  rails. 
This  is  largely  remedied  by  the  double  angle 


on  some  points  that  Captain  Jones  has  advanced 
this  evening;  the  article  says  nothing,  however, 
about  this  splice;  it  does  mention  a  splice  like 
Fig.  1  (sometimes  called  the  Lehigh  Valley 
splice).  In  Fig.  14,  the  extension  upward  termin¬ 
ates  in  a  tolerably  sharp  edge  so  that  the  point 
of  greatest  fibre  strain  has  a  section  easy  to  rup- 


Fig.tO 

ture;  the  placing  of  vertical  part  of  angle  so  far 
from  rail  web  is  a  point  of  doubtful  advantage. 
Fig.  16  sliovrs  the  “system  Hartwich”  in  use 
before  1869  on  the  Coln-Minden  Railroad.  Fig. 
17  is  part  of  the  “system  Hohenegger;”  it  was 
made  symmetrical  for  upward  and  downward 
bending  and  is  noticeable  on  that  account. 


Fig.  17 

Fig.  15  I  have  had  worked  up  and  believe  it 
would  make  a  good  bar;  it  could  go  on  but  one  side 
of  rail,  but  would  not  make  joint  unsymmetrical 
enough  to  have  a  bad  effect.  Its  moment  of 


Fig.  14 

joints.  In  the  iron  rails  the  flanges  wrere  slotted 
near  the  end. 

Here  are  some  sketches  of  old  sections  which  I 
took  occasion  to  look  up;  these  and  many  more 
will  be  found  in  German  and  other  technical  pub¬ 
lications. 

The  straight  fish  bar  is  said  to  have  been  in- 
evnted  by  Engineer  Trimble,  of  the  Philadelphia, 
Wilkesbarre  &  Baltimore  Railroad,  in  1845.  The 
earliest  angle  I  have  found,  in  Fig.  10,  wras  de¬ 
signed  in  1851  by  Engineer  Henz  for  the  West- 


.  Fig. £5 

plialia  Raihvay  for  the  double-headed  rail.  Fig. 
11  was  used  on  the  Braunschweig  State  Railway. 
Fig.  12  show's  the  extension  of  the  bar  upward, 
alongside  and  partly  over  head  of  rail;  it  wras  de¬ 
signed  to  ease  the  wheel  over  the  joint,  though 
the  extension  over  the  head  could  liardty  have 
been  a  practical  feature;  it  w'as  tried  by  Engineer 
Wahrer  in  1870  with  good  results.  (Von  Wal- 
degg’s  Handbuch,  etc.)  Fig.  13  was  used  on  the 
Leipsic  &  Dresden  Railroad.  Fig.  14isshovrn  in 
the  Railroad  Gazette ,  April  1881,  in  an  article  by 
Mr.  Sayre,  w  hich  gives  very  much  the  same  views 
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inertia  would  equal  4.12,  or  almost  as  much  as  tw'o 
bars  such  as  shown  on  opposite  side  of  rail;  the 
neutral  axis  in  this  bar  would  be  above  the 
center  of  bolthole.  The  weight  would  be 
about  the  same  as  the  bar  shown  on  opposite 
side  of  rail.  No  doubt  it  would  be  a  little  more 
expensive  as  two  sets  of  rolls  would  be  required. 
All  the  bearing  surface  needed  is  obtained  and 
we  thin  down  here  and  there  (indicating)  at  line 
of  bolt  holes  and  over  edge  of  flange  of  rail,  and 
get  metal  where  most  needed.  The  bar  shown 
on  opposite  side  of  the  rail  may  be  cut  down  like 
the  other  over  flange  of  rail.  The  weight  of  a 
pair  w  ould  be  about  35  lbs. 

One  other  matter  I  would  like  to  mention 
though  it  is  rather  late.  In  walking  over  track  I 
have  often  noticed  a  wavy  appearance  of  top  of 
rails,  the  crests  and  depressions  very  gently 
rounded,  perhaps  from  eight  to  twelve  inches 
apart;  the  variation  from  a  straight  line  is  hardly 
remarkable,  one  or  two  hundredths  of  an  inch  or 
so;  it  occurs  more  at  the  ends  of  rails  but  some¬ 
times  at  other  points  and  is  easily  detected  by 
alternate  bright  and  dull  surface.  I  have  not  in 
my  mind  accounted  for  this  by  any  work  in  the 
mill,  though  it  may  be  due  to  this,  but  rather  to 
alternations  of  sudden  increase  and  decrease  of 
weight  transmitted  through  wheels, — the  impact 
from  this  and  from  drivers  is  an  actual  condition 
constantly  recurring.  A  wheel  while  traversing 
a  rail  may  and  does  transmit  greatly  differing 
weights  at  different  points.  This  I  believe  has 
something  to  do  with  this  wavy  appearance.  If 
this  action  does  not  originate  the  waves  then  the 

waves  contribute  to  this  action.  Take  it  either 
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way  this  causes  wear  of  rails  and  hard  service  of 
joints.  I  have  lacked  opportunity  to  make  meas¬ 
urements  or  have  photographs  made  of  this 
peculiar  appearance;  doubtless  many  present  rec¬ 
ognize  the  description  and  may  be  able  to 
account  for  it. 

Mr.  Jones:  It  is  possible  that  has  been  partly 
done  in  the  mill.  All  rails  rolled  should  show 
by  the  head  that  the  rolls  were  filled  in  the  last 
pass,  which  would  be  equivalent  to  drawing 
through  a  die.  Inspectors  generally  object  to 
our  filling  the  heads,  but  for  a  good  surface  on 
the  head  of  the  rail,  I  would  alwTays  prefer  to 
slightly  overfill;  in  other  words,  to  show  on  the 
rail  the  dressing  line  of  the  roll. 

Mr.  Rodd:  This  sketch  (illustrating)  is  very 
much  exaggerated  but  it  is  something  like  this. 
These  spots  here  would  be  bright  while  those 
would  be  dark.  You  may  think  it  would  be  due 
to  some  peculiarity  in  the  metal,  but  I  dd  not 
think  so. 

Mr.  Darlington:  A  good  deal  of  that  dark¬ 
ness  is  caused  by  the  rails  being  bent  in  loading 
and  unloading.  I  have  noticed  very  many  times 


with  our  rails,  where  rails  were  slightly  bent, 
that  a  bright  spot  would  be  the  result,  with  u  de¬ 
pression  following  beyond. 

Mr.  Rood:  I  merely  say  I  know  how  much 
straightening  is  done  on  the  track  and  there  is 
not  enough  to  account  for  it  in  thut  way  at  all. 

Mr.  Davison:  I  have  noticed  in  counting 
rails  before  they  were  used  that  same  appear¬ 
ance,  and  after  use,  the  wheels  passing  over  them 
would  increase  that  wavy  condition. 

Mr.  Rodd:  As  to  the  material  in  splices,  I 
think  Captain  Jones  is  possibly  mistaken  in  con¬ 
demning  it  in  the  terms  he  has  just  used.  A  few 
months  ago  I  was  making  calculations  of  rail  and 
joint  sections — some  modifications  here  under 
discussion.  I  took  the  opportunity  to  express 
some  strong  views  in  regard  to  the  “poor  ma¬ 
terial,”  just  as  the  Captain  did,  and  believed  it  to 
be  a  poor  soft  dead  iron,  the  cheapest  material 
that  could  be  made  to  take  the  required  shape; 
at  the  same  time  I  had  never  made  nor  heard  of 
tests  to  determine  the  quality  and  so  wrote  to 
have  four  or  five  bars  sent  at  random  from  any  on 
hand  along  the  tracks.  These  bars  were  cut  into 
strips  (avoiding  the  bolt  holes  a  little)  and  test¬ 
ed  in  tension  and  by  bending  hot  and  cold.  The 
result  was  a  complete  surprise.  The  iron  by  the 
records  stood  from  51,000  to  5G,000  pounds  per 
square  inch  and  averaged,  in  the  six  tests  made, 
53,000  pounds.  Two  pieces  here  (illustrating)  in 
lower  part  of  bar  stood  51,000.  The  elastic  limit 
was  from  28,000  pounds  to  30,600  pounds  per 
square  inch,  fairly  uniform,  averaging  20,700 
pounds.  The  stretch  in  8  inches  was  good,  aver¬ 
aging  15.2  per  cent.  The  bending  tests  as  would 
be  expected  from  the  above  were  very  good;  in 
fact  the  iron  would  pass  as  first -class  bridge  iron. 
I  am  far  from  saying  that  these  tests  show  the 
character  of  iron  generally  used  for  splice  bars, 
but  as  to  quality  we  should  have  good  evidence 
and  not  condemn  it  wholesale. 

Mr.  Strobel:  I  wish  to  say  only  a  few  words, 
as  the  hour  is  late.  The  common  angle  bar  splice 
was  certainly  not  based  on  correct  static  calcu¬ 
lations.  These  are  fully  adequate  to  establish 
its  inefficiency.  I  am  sorry  Mr.  Becker  did  not 
push  his  investigations  further,  and  calculate 
the  upward  bending  moment  occurring  at  the 
joint  by  proper  loading  of  the  spaces  adjacent 
to  the  joint  space.  He  would  have  found  that 
the  upward  bending  is  very  considerable;  that 
if  you  assume  the  joint  ties  as  tamped  slightly 
higher  than  the  adjoining  ties— which  is  the 
condition  very  frequently  found  in  tracks  that 
are  well  kept  up,  especially  before  inspection — 
then  the  upward  bending  moment  at  the 
joiut  may  be  greater  than  the  down¬ 
ward  bending  moment.  The  position  of 
the  wheels  shown  in  Fig.  5  is  not  the  po- 
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sition  which  would  give  the  maximum  upward 
moment.  The  wheels  should  be  distant  about 
one-third  of  the  space  from  the  joint  tie.  Mr. 
Rodd’s  tests  show  that  the  angle  bar  joint  is  only 
about  one-lialf  as  strong  bending  upward  as  it  is 
bending  downward.  The  calculation  would  show 
the  same  result,  due  to  the  fact  that  the  center 
of  gravity,  and  consequently  the  neutral  axis,  is 
very  low,  being  located  near  the  horizontal 
flange  of  the  angle.  Now,  the  joint  is  weak  con¬ 
sidered  as  bending  downward,  since  it  is  only 
about  half  the  strength  of  the  rail.  It  is  how¬ 
ever  much  weaker  considered  as  bending  up¬ 
ward,  and  therefore  it  is  not  surprising  that  the 
joints  break  in  the  way  described  bj^Mr.  Becker, 
namely;  by  fracture  in  the  top.  It  is  also  not 
surprising  that  the  joints  give  way  most  fre¬ 
quently  when  they  are  new,  and  especially  in 
good  tracks,  as  on  bridges.  If  the  splice  bars  do 
not  fit  well  and  if  the  nuts  are  loose,  the  bars 
act  simply  as  liners,  and  will  not  resist  the  ver¬ 
tical  forces.  The  splice  bar  joint  is  then  no  bet¬ 
ter  than  a  plate  joint.  In  old  tracks  you  will 
probably  find  very  few  joints  which  are  efficient. 

By  continuing  the  investigation,  the  dynamic 
forces  mentioned  by  Mr.  Henuing  would  have  to 
be  taken  into  consideration.  It  will  be  found  for 
instance,  that  a  very  powerful  centrifugal  force 
is  created  by  the  downward  deflections  of  the 
rail  between  points  of  support,  equal  to  as  much 
as  25  per  cent,  of  the  load  for  a  very  swiftly 
moving  train.  The  impact  then  would  add,  say, 
another  50  per  cent,  to  the  strains  obtained  for 
static  conditions. 

The  Sayre  joint  is,  I  think,  a  move  in  the  right 
direction.  Material  is  added  to  the  top  of  the 
splice  bar  where  it  is  most  needed.  I  still  think, 
however,  that  the  Sayre  joint  is  weaker  than  the 
rail;  but  it  is  a  question  whether  it  is  necessary 
to  make  the  joint  as  strong  as  the  rail. 

The  calculations  I  refer  to  assume  that  the 
joint  produces  continuity  in  the  rail.  The  ideal 
joint  is  one  which  will  produce  perfect  contin¬ 
uity,  and  this  the  splice  bar  joint  attempts  to  se¬ 
cure.  It  is  therefore  necessary  to  apply  the 
theory  of  the  continuous  girder  to  obtain  the 
moments  and  strains,  and  the  results  are  as 
stated. 

Mr.  Rodd:  Mr.  Strobel  is  right  I  think  in 


speaking  of  continuity — that  is  the  word.  If  we 
can  restore  the  continuity  of  the  rail  we  have 
what  is  wanted.  The  bars  make  the  rail  much 
stiffer  at  the  ends;  then  they  are  strained  at  our 
weak  point  by  the  effort  (to  make  the  bend)  a 
continuous  girder  takes  over  an  unloaded  span 
(between  joint  ties)  when  there  are  loads  on  ad¬ 
joining  spans  as  in  Fig.  8  or  similar  dispositions 
of  loading. 

In  regard  to  strength  for  upward  bending  I 
should  say  it  was  about  two-thirds  of  the  down¬ 
ward  strength  as  that,  by  the  test,  was  the  pro¬ 
portion  at  the  elastic  limit. 

The  elastic  limit  —  that  effects  our  calcula¬ 
tions.  If  you  strain  a  piece  of  metal  to  the  point 
where  further  straining  would  produce  a  perma¬ 
nent  set  we  generally  say  it  is  not  injured.  But 
this  permanent  set  is  produced  by  a  very  slight 
addition  or  by  any  addition  to  load.  Is  it  this 
addition  which  injures  the  piece?  I  think  not  but 
rather  the  load  already  imposed  has  strained  some 
of  the  fibres  beyond  the  elastic  point  and  the 
inertia  of  the  piece  alone  has  restored  it  to  its 
normal  condition  so  far  as  distortion  is  concern¬ 
ed.  At  the  point  referred  to  there  is  a  nice  bal¬ 
ance  but  any  addition  to  load  gives  a  set.  This 
may  account  for  discrepancy  between  our  calcu¬ 
lations  and  the  tests;  at  the  calculated  strength 
the  bars  might  not  suffer,  but  before  the  bars 
received  their  set  under  test  they  may  have  sus¬ 
tained  injury. 

In  regard  to  steel,  I  intended  to  mention  it  be¬ 
fore;  I  believe  it  Avould  make  a  good  splice  bar 
and  have  no  doubt  it  will  be  tried  carefully. 

Mr.  Zimmerman:  Mr.  Strobel  and  Mr.  Rodd 
have  touched  upon  the  upward  movement.  It 
seems  to  me  that  movement  is  not  only  greater 
but  occurs  twice  where  the  downward  only  oc¬ 
curs  once. 

Mr.  Jones:  I  would  just  say  that  on  the  Penn¬ 
sylvania  road  the  very  best  steel  rails  will  not 
wear  over  six  or  seven  years  on  their  curves. 

Mr.  Taylor:  With  regard  to  steel  splice  bars, 
Mr.  Jones,  do  you  know  of  any  in  actual  use? 

Mr.  Jones:  I  do  not  know  of  any.  It  is 
claimed  that  they  wear  the  rails. 

A  Member:  It  seems  to  me  that  is  something 
we  should  know  about.  I  know  that  iron  wears 
them. 
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I  have  the  pleasure  to-night  of  exhibiting  to 
you  two  samples  of  the  Torsion  Balance,  the  in¬ 
vention  of  Frederick  A.  Boeder,  recently  de¬ 
ceased,  and  Dr.  Alfred  Springer,  of  Cincinnati. 
They  are  weighing  machines,  in  which  knife 
edges  are  dispensed  with,  and  replaced  by  flat 
steel  or  other  metal  wires  or  bands  which  are 
subjected  to  slight  torsion. 

Weighing  machines  which  depend  upon  knife 
edges  are  at  the  best,  very  imperfect  pieces  of 
apparatus.  When  the  knife  edge  is  in  its  most 
perfect  condition  it  is  still  not  without  friction 
which  impairs  the  sensitiveness  of  the  balance; 
and  the  more  perfect  the  knife  edge  is  the  more 
easily  it  is  made  imperfect  by  the  friction  conse¬ 
quent  upon  its  use,  by  dust,  by  corrosion,  or  by 
flattening  or  bruising  through  over  weight  or 
repeated  use.  The  balance  is  apt  to  get  out  of 
order  by  shifting  of  the  knife  edges  and  bear¬ 
ings  and  it  is  notorious  that  the  errors  of  weigh¬ 
ing  in  railroads,  manufacturing  and  commercial 
establishments  are  continually  causing  serious 
loss  to  buyer,  seller  and  transporter  of  merchan¬ 
dise.  In  professional  work,  such  as  that  of  a 
chemist,  whose  accuracy  depends  upon  that  of 
his  balance,  the  imperfectness  of  knife  edges 
and  their  liability  to  get  out  of  order  is  a  con¬ 
stant  cause  of  annoyance  and  expense. 

The  Torsion  Balance  overcomes  all  the  objec¬ 
tions  to  the  knife  edge.  In  the  words  of  Mr. 
James  W.  See,  of  Hamilton,  Ohio,  the  well- 
known  “Chordal”  “it  gives  us  everything  we  de¬ 
sire  and  nothing  we  object  to;  a  scale  joint  in 
which  one  piece  does  not  rub  upon  another;  a 
scale  joint  in  which  there  is  no  friction;  a  scale 
joint  which  cannot  possibly  shift  its  position;  a 
scale  joint  unaffected  by  shock;  a  scale  joint  un¬ 
affected  by  dust,  or  rust  or  acidulous  vapors,  or 
acids  themselves;  a  scale  joint  not  injured  by 
overloading;  a  scale  joint  in  which  there  is  abso¬ 
lutely  no  wear;  a  scale  joint  which  permits  of 
the  construction  of  a  scale  upon  the  usual  prin¬ 
ciple  of  simple  and  compound  levers,  the  entire 
structure  being  practically  in  a  single  piece.” 

In  its  simplest  form  the  Torsion  Balance  con¬ 
sists  simply  of  a  wire  or  band  placed  horizontally 


and  tightly  stretched  between  two  supports,  and 
to  the  middle  of  this  band  is  soldered  or  other¬ 
wise  firmly  attached,  at  right  angles,  a  beam  at 
its  middle  point.  If  equal  weights  are  suspen¬ 
ded,  say  by  silk  threads,  from  the  ends  of  the 
beam  they  will  balance  each  other,  and  the  beam 
will  remain  horizontal,  but  if  a  very  slight  over¬ 
weight  be  placed  at  one  end  of  the  beam  it  will 
tend  to  make  that  end  of  the  beam  go  down,  aud 
as  it  goes  down  the  supporting  wire  will  be 
slightly  twisted,  hence  the  name  the  “Torsion 
Balance.”  This  principle  of  weighing  has  been 
known  for  a  hundred  years  or  more,  but  until 
recently  it  has  always  failed  in  practice,  for  the 
reason  that  if  the  supporting  wire  be  made  large 
enough  to  sustain  any  appreciable  load,  the  stiff¬ 
ness  of  the  wire  or  its  resistance  to  torsion  was 
so  great  that  the  balance  ceased  to  be  sensitive; 
it  took  too  great  an  overweight  to  cause  one  end 
of  the  beam  to  go  down.  This  hitherto  fatal  de¬ 
fect  of  torsion  balances  has  been  entirely  over¬ 
come  by  Messrs.  Roeder  &  Springer.  They  use 
torsion  bands  or  wires  which  are  strong  enough 
to  sustain  much  more  than  the  maximum  loads 
to  be  weighed  and  they  increase  the  stiffness  aud 
resistance  to  torsion  by  strongly  tensioning  them 
over  firm  supports;  but  they  absolutely  counter¬ 
balance  the  resistance  to  torsion  by  the  use  of 
another  force  which  acts  in  opposition,  viz.,  the 
force  of  gravity.  They  do  this  by  making  the 
center  of  gravity  higher  than  the  point  of  rota¬ 
tion,  and  the  simplest  means  of  doing  this  is  a 
heavy  ball  or  poise,  placed  immediately  above 
the  point  of  rotation.  If  the  torsion  band  had 
no  resistance  this  poise  would  cause  the  balance 
to  be  top  heavy,  or  in  unstable  equilibrium.  The 
weight  tends  to  fall  on  one  side  or  the  other;  its 
tendency  increasing  as  the  sine  of  the  arc  of 
rotation.  By  adjusting  tho  weight  vertically  its 
tendency  to  fall  may  be  made  exactly  the  same 
as  the  resistance  to  torsion  of  the  band,  which 
resistance  increases  directly  as  the  arc  of  the  ro¬ 
tation.  As  for  small  arcs  of  rotation  the  sine  is  the 
same  as  the  arc,  aud  the  forces  balance  each  other, 
the  balance  thus  becomes  infinitely  sensitive, 
and  the  smallest  possible  overweight  will  cause 
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one  end  of  the  beam  to  descend;  if  the  weight  is 
too  high  it  will  be  top  heavy;  if  too  low,  it  merely 
decreases  the  sensitiveness  of  the  scale,  and  this 
sensitiveness  may  be  regulated  to  any  degree 
desirable  by  adjusting  the  position  of  the  weight. 
For  ordinary  grocers’  scales  too  great  sensitive¬ 
ness  is  not  desirable,  and  the  weight  is  put  some 
distance  below  the  neutral  point,  but  in  assay 
balances  the  weight  may  easily  be  adjusted  to 
such  a  point  that  the  balance  will  indicate  with 
ease  a  weight  as  small  as  one  two-hundredth  of 
a  milligramme.  Such  a  balance  is  now  in  pos¬ 
session  of  Dr.  Springer,  and  it  is  believed  to  be 
by  far  the  most  accurate  balance  in  the  world, 
and  at  the  same  time  it  is  far  more  durable,  more 
easily  handled,  and  less  apt  to  get  out  of  order 
than  any  other  assay  balance  in  existence. 

During  the  last  three  years  Messrs.  Roeder  & 
Springer  have  been  quietly  at  work  in  a  small 
room  in  Cincinnati,  making  a  complete  line  of 
the  scales  and  balances,  including  the  assay  bal¬ 
ance  above  mentioned,  a  large  analytical  balance 
sensitive  to  one-fiftieth  of  a  milligramme,  sev¬ 
eral  drug  and  prescription  scales,  grocers’  and 
candy  scales;  a  meat  scale  made  by  replacing  the 
knife  edges  of  the  Buffalo  Meat  Scale  with  tor¬ 
sion  bands,  and  a  1,000-lb.  platform  scale.  The 
scales  we  have  with  us  to-night  are  a  Druggist’s 
Prescription  Scale  and  a  5-lb.  Candy  Scale.  As 
in  these  scales  the  pans  are  above  the  beam  it  is 
necessary  to  have  two  beams,  the  lower  one  tak¬ 
ing  the  place  of  what  is  known  as  the  radius  arm 
in  ordinary  counter  scales  for  keeping  the  pans 
vertical.  You  will  notice  that  torsion  bands  are 
at  the  ends  of  the  beams  as  well  as  in  the  middle, 
so  that  knife  edges  and  all  rubbing  parts  are  en¬ 
tirely  dispensed  with.  In  the  Candy  Scale  each 
of  the  beams  are  made  double,  but  this  is  not  at 
all  necessary  except  as  a  matter  of  design,  as 
much  larger  scales  are  made  with  single  beams. 
By  taking  off  the  poise  of  the  Candy  Scale  you 
will  notice  that  its  sensitiveness  is  entirely  de¬ 
stroyed,  but  by  placing  it  on  and  adjusting  it  to 


the  proper  height  and  turning  the  heavy  side  of 
the  ball  into  such  position  that  it  neutralizes  the 
error  in  level  of  the  table  upon  which  the  bal¬ 
ance  is  set  it  may  easily  be  made  sensitive  to  the 
lOOtli  part  of  an  ounce.  This  I  think  you  will 
admit  is  sensitive  enough  for  a  Candy  Scale. 
You  can  weigh  letters  on  it  to  determine  how 
much  postage  they  need  with  far  greater  accu¬ 
racy  than  with  any  letter  scale  now  in  the 
market. 

The  Prescription  Scale  has  an  arrest  attached 
to  the  pans  operated  by  a  lever  outside  of  the 
case;  it  is  a  very  ingenious  device  for  the  pur¬ 
pose. 

The  torsion  bands  in  these  scales  are  made  of 
spring  steel,  brazed  together,  and  stretched  over 
the  cast  iron  frame  by  means  of  small  wedges 
until  they  are  tuned  to  a  certain  note.  The 
three  wires  may  be  fastened  to  the  beams  so  that 
the  end  ones  are  absolutely  equidistant  from  the 
center  one  by  cutting  the  grooves  in  the  beams 
with  proper  machinery;  thus  for  all  scales  of  this 
class  absolutely  no  hand  adjustment  of  lever  dis¬ 
tance  will  be  necessary.  You  can  see,  therefore, 
that  the  scales  can  be  manufactured  cheaply; 
that  they  will  be  durable  is  almost  self-evident. 
With  the  very  slight  amount  of  torsion  which  is 
given  to  the  bands  at  each  oscillation  there  is 
no  reason  to  believe  that  they  will  not  last  one 
hundred  years.  Corrosion,  unless  it  eats  through 
the  band  will  not  impair  the  accuracy  of  the 
scale;  the  bands  are  strong  enough  to  sustain 
more  than  double  the  maximum  weight  for 
which  the  scale  is  sold  without  being  strained  to 
their  elastic  limit. 

The  complete  line  of  scales  which  Dr.  Springer 
has  recently  exhibited  in  New  York  show  a  vast 
variety  of  detail  of  construction  and  artistic  de¬ 
sign  which  it  is  not  my  purpose  to  enter  into.  I 
merely  bring  these  scales  before  you  to  show  the 
general  principles  involved  and  I  think  you  will 
agree  with  me  that  they  promise  a  very  impor¬ 
tant  revolution  in  weighing  machinery. 


DISCUSSION. 


Mr.  Zimmermann: — It  may  be  difficult  to  dis¬ 
cuss  the  question  without  looking  at  the  scales. 
If  any  of  the  members  choose  to  look  at  them 
and  ask  questions  about  them,  I  think  you  may 
accord  them  that  privilege. 

The  principle  is  something  that  may  be  ap¬ 
plied  to  any  size  scale.  Of  late  I  have  been  see¬ 
ing  if  it  could  not  be  applied  to  a  testing  machine. 
We  know  the  knife  edge  is  done  away  with  in 
Mr.  Emery’s  testing  machine,  and  I  think  this 
principle  of  torsion  can  be  applied  to  the  same 


purpose,  although  it  has  not  yet  been  carried  far 
enough  to  determine. 

By  a  Member  : — I  would  like  to  ask  in  regard  to 
one  poiut  the  gentleman  spoke  of,  in  regard  to 
that  ball  on  the  Candy  Scale,  which  is  slightly 
eccentric,  and  which  is  intended  to  adjust  the 
scale  in  case  the  base  is  not  quite  level,  or  its  plane 
not  quite  level  to  the  plane  of  the  torsion  band. 
In  the  first  place,  then,  if  you  turn  that  ball  so  as 
to  throw  the  balance  a  little  to  one  side  or  the 
other,  do  I  understand  aright,  is  the  band  al- 
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ready  under  something  of  a  twist,  due  to  that 
correction? 

Mr.  Zimmermann: — It  will  be  under  a  slight 
torsion. 

By  the  Member:— The  question  then  is 
whether  that  has  interfered  with  or  changed  the 
degree  of  sensitiveness  of  the  balance — whether 
starting  from  that  condition  of  the  band  you 
have  the  same  sensitiveness  as  if  the  base  had 
been  perfectly  level  in  the  first  place,  or  its  plane 
level  to  the  plane  of  the  torsion  band  to  begin 
with,  and  if  that  adjustment  affects  the  sensi¬ 
tiveness,  if  carried  to  extremes? 

Mr.  Zimmermann: — It  might,  if  carried  to  ex¬ 
tremes,  although  I  have  not  noticed  it  in  the 
experiments  I  have  made  with  this  balance. 

That  balance  (referring  to  the  Candy  scale)  is 
far  more  sensitive  than  there  is  any  need  for.  A 
balance  of  that  sort  should  never  be  more  accur¬ 
ate  than  one- eighth  of  an  ounce,  for  ordinary 
candy  weighing.  At  the  same  time  the  principle 
is  such  that  it  can  be  made  almost  inflnitively 
sensitive. 

I  do  not  think  that  the  slight  torsion  that 
might  be  made  through  one  end  being  a  little 
higher  than  the  other  would  affect  its  sensitive¬ 
ness,  at  least  so  little  as  not  to  make  any  differ¬ 
ence. 

I  might  have  said  in  my  paper  that  the  pre¬ 
scription  balance,  is  leveled  by  means  of  thumb 
screws  on  the  base  board.  It  has  the  same  ad¬ 


justment  that  an  ordinary  chemist's  balance  has. 
so  that  you  get  it  perfectly  level,  the  ball,  in  the 
case  of  the  prescription  balance  or  chemical  bal¬ 
ance  beiug  concentric,  and  the  adjustment  i» 
made  with  thumb  screws  on  the  side  to  level  the 
base,  the  same  as  you  would  in  an  ordinary  chem¬ 
ist’s  balance. 

Mr.  Phillips: — Are  the  very  delicate  balances 
you  spoke  of  being  made  and  used? 

Mr.  Zimmermann: — I  believe  there  is  one  l>e- 
ing  used  in  Cincinnati,  that  was  the  gift  of  Mr. 
Springer.  He  has  one  in  New  York  on  exhibi¬ 
tion,  which  was  examined  by  the  Yale  A  Towue 
Mfg.  Co.  and  by  several  of  the  prominent  engi¬ 
neers  of  New  York,  and  was  found,  I  believe,  to 
be  sensitive  to  the  one  hundretli  part  of  a  milli¬ 
gramme. 

Of  course,  in  scales  of  that  sort,  the  correctness 
and  accuracy  depend  on  the  beams  beiug  equi¬ 
distant  from  the  center.  The  scales  weigh — in 
fact  all  the  small  scales  and  the  larger  ones  too — 
with  poises,  the  pan  or  side  in  which  the  mate¬ 
rial  is  weighed  and  the  pan  for  applying  weights 
being  equi-distant  from  the  center. 

The  chemist’s  scales  are  made  exactly  the  same 
way.  They  rely  entirely  upon  putting  weights 
on  to  weigh,  and  they  can  be  made  as  accurate 
as  machinery,  or  hand,  can  possibly  make 
them. 

In  the  finest  scales,  I  believe,  the  bands  are 
made  of  the  very  finest  watch  spring  wire. 
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Year  after  year  adds  to  the  vast  number  of  rail 
sections  designed  by  Engineers,  and  Engineers 
differing  as  to  wliat  is,  or  should  be  standard 
sections.  A  few  months  ago  I  submitted  draw¬ 
ings  of  the  liobert  Sayre  Standard  Sections  as 
designed  by  him. 

I  find  a  large  number  of  Engineers  who  will 
not  agree  with  Mr.  Sayre  on  this  subject  and  are 
opposed  to  the  standards  he  has  suggested,  as 
the  great  evil  of  useless  multiplicity  of  sections 
still  continues,  greatly  increasing  cost  of  rails 
per  ton  and  often  involving  rough  rails,  owing 
to  excessive  cost  of  maintaining  duplicate  rolls 
and  the  great  difficulty  of  securing  yard  room  to 
store  the  rolls. 

I  have  finally  mustered  sufficient  courage  to 
present,  through  the  society  to  the  Engineers,  a 
series  of  Standard  sections  which  shall  range 
from  50  lbs.  to  78  lbs.  per  yard. 

One  of  the  first  objects  I  have  held  in  view  is 
to  get  a  comparative  equal  distribution  of  the 
metal  in  the  sections.  I  think  our  railroad  en¬ 
gineers  are  subject  to  criticism  in  this,  that  the 
major  portion  aim  to  mass  the  metal  in  the  head 
of  the  rail,  as  they  think  to  obtain  better  service 
and  longer  life  of  rail,  thereby  sacrificing 
strength.  I  think  it  will  be  safe  to  assume  in 
the  start,  that  one  important  feature  of  the  rail 
to  consider  would  be  its  strength.  If  wo  start 
with  massive  heads,  thin  web  and  thin  flange, 
we  at  once  find  the  neutral  axis  too  near  the  top 
for  safety,  while  the  web  and  flange  are  so  dense, 
on  account  of  a  lack  of  metal  and  by  reason  of 
cold  rolling,  that  the  web  and  flange  have  com¬ 
paratively  little  ductility  or  elongation,  while 
the  head  will  show  good  in  both  ductility  and 
elongation.  I  think  a  very  important  feature 
of  the  rail  should  be  fairly  considered,  viz:  its 
tensile  strength  in  the  direction  of  strains  tend¬ 
ing  to  break  the  rail,  and  I  think  it  is  fair  to  as¬ 
sume,  in  the  majority  of  cases,  the  flange  must 
part  first,  before  the  rail  can  break. 

Now  if  this  assumption  is  correct,  then  why 
not  distribute  the  metal  so  as  to  get  as  far  as 
possible  great  tensile  strength  in  flange,  consist¬ 


ent  with  good  wear  and  good  service  of  the  rail? 
Again,  if  we  consider  the  great  liability  of  the 
head  and  flange  of  the  rail  to  be  alternately  sub¬ 
jected  to  compressive  and  tensile  strain,  owing 
to  changeable  condition  of  road  bed,  then  the 
necessity  for  a  more  equal  distribution  of  metal 
becomes  more  apparent. 

I  believe  that  it  is  a  great  mistake  to  put  too 
much  material  in  the  head  of  the  rail.  I  am 
certain  that  the  metal  is  not  so  compact  nor  so 
dense  in  a  section  that  has,  what  I  consider,  an 
excess  of  metal  in  the  head  of  the  rail,  and,  if  the 
rail  makers  could  only  get  railroad  Engineers  to 
adopt  some  Standard  sections,  in  which  the 
metal  is  more  impartially  distributed.  I  am  con¬ 
fident  that  far  better  results  will  be  obtained, 
both  in  the  safety  and  wear  of  the  rail.  I  do 
know  that  it  is  an  absolute  fact  that  in  rolling 
rails  of  improper  design,  that  grout  strains  are 
imbedded  in  rails,  owing  to  the  unequal  distribu¬ 
tion  of  metal,  and  the  contortions  the  rails  are 
subjected  to  in  cooliug. 

In  the  section  I  now  submit  to  the  society,  I 
start  off  with  fixed  angles  and  radii,  up  to  the  70 
lb.  section,  where  I  increase  the  radii,  connect¬ 
ing  head  with  web  and  web  with  flange;  this  is 
done  to  better  support  the  head.  The  radii  from 
top  of  rail  to  side  of  head  is  $  inch  in  all  the 
sections.  This  I  adopted  to  meet  the  views  of 
the  master  car  builders.  The  angle  of  side  of 
head  is  uniformly  (>  degrees.  The  angle  under 
the  head  and  the  angle  of  the  flanges  are  hi  de¬ 
grees;  the  radii  of  the  web  aro  8  inches. 

You  will  notice  that  the  edge  of  every  flange 
is  comparatively  square,  a  slight  radius  on  upper 
edge  of  the  tlango  and  the  lower  corner  slightly 
rounded  to  prevent  cutting  into  the  ties.  I  have 
made  the  tlango  thus,  so  as  to  meet  a  very  im¬ 
portant  objectionable  feature  of  the  rounded 
edge  flange,  viz.,  the  cutting  or  the  wearing 
away  of  the  spikes.  I  am  reliably  informed  by 
one  of  the  best  road  masters  in  the  country,  that 
the  wear  and  destruction  of  the  spikes  b$  the 
modern,  thin,  rounded  flange,  is  fully  r.O-  per 
cent,  greater  than  by  the  old  style  of  tlauge.  So 
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far  as  is  posssble  these  new  sections  meet  that 
difficulty. 

Another  feature  in  the  construction  of  the  rail, 
which  is  similar  to  the  Sayre  section,  is  the  small 
radii  connecting  the  side  and  under  side  of  the 
head  of  the  rail;  this  is  done  to  secure  good 
contact  surface  for  fish  bar.  No  rail  section  that 
I  have  ever  seen,  aside  from  the  Sayre  section, 
gives,  in  my  opinion,  enough  contact  surface  for 
lisli  bar,  as  the  joint  is  the  weakest  part  of  the 
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rail,  I  think  every  section  should  be  designed  so 
as  to  get  the  strongest  fish  bar  possible,  with  the 
best  contact  surface.  The  base  or  flange  of  each 
section  is  made  as  wide  as  possible,  consistent 
with  good  construction,  and  the  flanges  are,  as  a 
rule,  wider  than  most  sections  in  use,  and  I 
think  sufficiently  wide  to  prevent  unneces¬ 
sary  cutting  of  the  ties.  These  are  the 
salient  features  of  the  new  sections  I  have 
designed,  and  any  one  glancing  at  the  sec¬ 
tions  will  admit  that,  at  least  I  have  better 
distribution  of  metal  than  in  the  majority 
of  rails  now  being  made.  I  have  thicker 
flanges,  which  guarantee  greater  tensility 
in  the  section,  thicker  webs  with  the  neu¬ 
tral  axis  near  where  it  should  be,  sufficient 
metal  in  head  to  do  all  that  should  be 
asked  of  the  best  rails,  and  when  the  rail 
is  worn  out,  I  think  the  record  will  be 
far  better  than  that  of  those  rails  with  thin 
flanges  and  webs  and  unduly  proportioned 
head. 

If  a  series  of  Standard  sections  were  gen¬ 
erally  adopted  by  the  railroads  of  this 
country,  then  each  works  could  always 
keep  on  hand  a  duplicate  set  of  rolls,  and  there 
would  be  no  excuse  for  rough  rails.  As  it  now 


sections  added  to  the  already  too  numerous 
stock  of  rolls  on  hand  and  it  is  impossible  to 
make  catalogues  fast  enough. 

The  fish  bar  shown  in  each  section  is  a  slight 
modification  of  the  design  known  as  the  “Sayre 
and  Fritz”  fish  bar.  From  these  15  designs,  45 
sections  can  be  rolled.  To  illustrate,  you  can 
roll  either  66,  67  or  68  lb.  from  the  one  pattern 
of  66  lb.,  or  you  can  roll  either  68,  69  or  70  lb. 
from  the  68  pattern,  thus  easily  giving  a  range 
of  48  sections  from  15  standard  patterns;  in  all 
cases  the  rolls  can  be  raised  to  increase  the 
weight  of  the  section,  but  in  no  case  would  I 
advise  decreasing  the  weight  of  the  section  from 
the  standard  given. 

I  think  the  mistake  is  made  too  frequently  of 
spacing  the  bolt  holes  too  far  apart;  for  instance, 
the  holes  in  the  rails  used  by  the  P.  R.  R.  Co., 
are  4  inches  from  end  of  rail  to  center  of  first 
hole,  and  9  inches  from  end  of  rail  to  center  of 
second  hole.  This  leaves  a  space  between  the 
first  holes  of  the  joint  of  eight  inches,  which 
does  not  make  a  good  joint.  I  think  spacing  the 
holes  at  2^  inches  from  end  of  rail  to  center  of 
first  hole,  and  9  inches  from  end  of  rail  to  center 
of  second  hole,  thus  leaving  but  5  inches  be¬ 
tween  the  two  first  holes  will  insure  a  far  better 
joint. 

And  a  question  for  engineers  to  consider  is: 
Whether  the  fish  bar  designed  by  Messrs.  Bridges 
&  Good,  of  the  Western  Division  P.  R.  R.,  is  not  a 
step  in  the  right  direction.  If  we  consider  the 
usual  suspended  fish  bar  joint,  we  must  recog¬ 
nize  as  a  positive  fact,  as  the  joint  is  usually 
constructed,  with  fish  bar  supporting  head  of 
rail  on  two  ties,  at  that  point  of  the  two  ties 
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the  rail  is  subjected  to  unusual  conditions  dif¬ 
fering  from  the  point  of  the  rails  or  any  other 
is,  each  year  brings  about  a  dozen  or  more  new  portion  of  the  rail.  Messrs.  Bridges  &  Good 
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construct  their  joint  by  relieving  the  contact 
surface  under  the  head  of  the  rail,  commenc¬ 
ing  at  about  6  inches  from  each  end  of  the  rail, 
this  forms  a  truss  of  the  fish  bar,  transmitting 
the  straius  directly  along  the  flange  to  the  two 
ties,  but  obviating  the  very  objectionable  feature 
of  each  tie  forming  an  anvil  block  for  rails  rest- 
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ing  directly  over  the  tie.  I  think  experience  has 
taught  every  one  that  in  ordinary  fish  bar  joints, 
the  upper  side  of  head  of  rail  and  the  upper  con¬ 
tact  surface  of  the  fish  bar  for  about  six  inches 
each  way,  shows  in  time  wear  with  the  old  fish 
bar,  it  is  not  an  easy  matter  to  take  up  the  lost 
motion,  because  the  larger  portion  of  the 
fish  bar  is  not  worn;  by  usingBridges  <fc 
Good’s  joint  the  lost  motion  can  be  readily 
taken  up.  I  am  glad  to  say  that  this  joint 
now  on  trial  on  the  P.  R.  R.,  show’s  gratify¬ 
ing  results. 

I  would  call  the  attention  of  Engineers  to 
the  barbarous  practice  of  drilling  excessively 
large  holes  for  bolts.  I  can  see  no  necessity 
for  drilling  a  1  inch  hole  in  the  w’eb  of  a  rail. 

The  C.,  B.  &  Q.  R.  R.  have  but  a  g-incli  hole 
drilled,  which  gives  them  all  the  room  re¬ 
quired  for  expansion  and  contraction,  and 
the  model  joint  I  exhibit  clearly  show  s  that 
a  i-inch  hole  in  wreb  of  rail,  with  a  13-lGth 
hole  in  fish  bar,  is  sufficient  for  all  purposes, 
and  to  drill  larger  holes  is,  to  say  the  least,  * 
erroneous  and  tending  to  w’eaken  the  joint. 

From  my  own  observation,  and  from  know  l¬ 
edge  I  have  gained  from  road  masters,  I  know’ 
that  a  large  percentage,  in  fact  too  large,  of  fish 
bars  break  in  the  track.  I  have  seen  two  sections 
of  track  on  two  western  roads  where  over  fifty  per 
cent,  of  the  fish  liars  were  broken.  I  have  seen 
any  number  with  angle  portion  of  the  bar  broken 
and  the  angle  lying  along  side  of  the  track. 


This  has  grown  to  tie  a  shameful  evil,  and  it  is 
evident  that  one  reason  is  that  the  fish  burs  are 
not  properly  designed  to  meet  the  requirements 
of  actual  service,  and,  it  is  also  evident  that  the 
material  used  in  making  the  bars  is  totally  unfit. 
Why  railroad  men  do  not  use  steel  for  fish 
bars  in  place  of  iron,  is  to  me,  an  enigma, 
as  it  is  a  well  know'n  fact  that  steel  is  nearly 
equal  in  strength  in  ull  directions,  while 
iron  has  its  greatest  strength  in  the  direction 
of  its  fibres.  As  an  illustration;  the  mechani¬ 
cal  engineer  who  w’ould  build  a  boiler  of 
iron  and  have  the  grain  or  fibre  of  the  iron 
running  longitudinally  would  be  considered 
an  ass,  w’hile  with  steel  this  would  make  but 
little  difference.  The  fact  that  fish  bars 
frequently  break  at  the  junction  of  the  angle 
with  the  vertical  part  of  the  bar,  proves  that 
in  that  direction  there  is  but  little  strength, 
while  if  the  bar  was  made  of  steel,  I  do  not 
believe  that  a  single  case  of  fracture  would 
occur  at  that  point.  If  an  iron  fish  bar  is 
made  of  good  iron,  then  its  teusility  is  too 
low.  If  made  of  hard,  granular  iron,  show¬ 
ing  fairly  good  tensility,  then  its  brittle¬ 
ness  renders  it  worthless.  Why  engineers  in 
this  country  should  use  iron  fish  bars  instead 
of  steel,  when  engineers  abroad  have  abandoned 
the  use  of  iron  fish  bars,  where  with  a  little  ex¬ 
perience,  a  steel  fish  bar  can  be  made  as  cheaply 
as  a  good  iron  one.  I  should  think  the  same 
argument,  why  a  rail  should  be  made  of  steel 
iu  preference  to  iron,  would,  or  should,  hold 
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good  with  fish  bars.  At  the  very  least,  I  should 
say  that  the  continued  use  of  comparatively 
worthless  iron  fish  bars  would  seem  to  indicates 
spirit  of  non -progressiveness  on  the  part  of 
those  in  charge  of  the  maintenance  of  way  on 
our  railroads. 
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DISCUSSION. 


Mr  Jones: — I  would  like  to  have  some  of  our 
railroad  friends  take  this  subject  up.  I  would 
like  to  illustrate  now  the  drilling  of  bolt  holes. 

9,  "  1  * 
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They  are  made  too  large  as  a  rule.  (Here  he 
took  several  templates  and  also  referred  to  his 
drawings  to  illustrate.) 

This  represents  a  joint  made  to  open  in  cold 
weather,  showing  a  hole  drilled  in  web  of 
rail,  with  joint  wide  open.  This  other,  however, 
shows  the  rail  closed  in  hot  weather. 

You  can  see  the  space  left.  This  is  an 
illustration  of  the  Bridges  &  Good  joint. 

I  take  it  the  surface  of  the  fish  bar  is 
4  inches,  from  here  (the  top)  to  the  cen¬ 
ter,  and  from  there  the  fish  bar  is  re¬ 
lieved.  So  that,  as  every  railroad  man 
knows,  in  actual  service  the  head  of  the 
rail  wears  upwardly  while  the  fish  bar 
wears  downwardly.  If  you  attempt  to 
tighten  it  your  fish  bar  here  has  no  wear 
and  is  a  solid  mass  and  is  held  right 
tight  over  the  tie,  and  the  load  passing 
makes  it  form  an  anvil  block.  If  your 
joint  is  loose  you  can  readily  take  up  the 
lost  motion. 

The  Pennsylvania  Railroad  joint  does 
not  support  the  head  of  the  rail  at  the 
point  necessary.  Any  engineer  looking 
at  a  train  passing  over  here  will  notice 
that  the  transmission  of  the  strain  is 
right  through  the  head  to  the  tie,  the 
fish  bar  having  no  function  to  perform.  In  this 
other  case  we  have  made  a  brace  to  support  the 
load. 

This  joint  here  is  an  illustration  of  the  idea  I 


brought  forward  the  other  evening.  This  one  is 
practically  an  illustration  of  the  drilling  of  a  }»" 
hole  in  the  splice  bar  and  a  g"  hole  in  the  rail. 

Some  engineers  drill  a  1  hole,  which 
destroys  the  efficiency  of  the  fish  bar. 
With  such  holes  I  have  seen  joints  with 
2  of  an  inch  space.  If  the  holes  were 
drilled  properly  it  would  not  give  too 
large  a  space.  As  a  manufacturer  of 
steel  rails  I  say  the  holes  ought  to  be 
drilled,  to  obviate  that  bungling  hole  we 
discussed  the  other  evening,  carrying 
out  the  idea  of  making  the  bolt  in  that 
form  (showing  sample)  and  slotting  two 
half  round  holes  to  keep  it  from  turning. 
There  is  no  difficulty  in  putting  the  bolt 
in.  In  other  words,  it  is  an  attempt  to 
add  a  little  refinement  to  the  railroad 
track. 

Now,  another  thing.  I  have  no  hesi¬ 
tation  in  making  this  declaration  before 
this  meeting,  as  a  rail  maker.  We  are 
often  asked,  in  talking  with  railroad  men 
“Why  don’t  you  make  a  rail  like  John 
Brown’s  steel  rail?”  I  make  this  asser¬ 
tion,  that  no  manufacturer  of  American  rails  to¬ 
day  will  make  as  brittle  and  as  dangerous  a  rail  as 
those  furnished  by  John  Brown.  For  American 
railways  60  per  cent,  of  those  rails  are  entirely 
unsafe  for  the  track,  and  I  have  no  hesitation  in 
saying  it.  If  I  knew  of  a  road  in  this  country 
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laid  with  such  rails  I  would  not  want  to  go  over 
that  road. 

Any  rail,  I  do  not  care  who  makes  it,  by  the 
Bessemer  process,  that  contains  one  per  cent,  of 
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carbon,  as  high  as  .3  to  .4  of  silicon  and  as  high 
as  .18  of  phosphorus,  is  unfit  for  railroad  purposes. 
The  fact  is  beginning  to  leak  out  that  a  large 
number  did  break  in  the  track.  That  is  an  ab- 
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Rail  62  Lbs.  per  Yd.  Weight  of  Splice,  33  Lbs. 

solute  fact.  The  chemical  analysis  of  these  so- 
much  talked-of  English  steel  rails  will  not  com¬ 
pare  at  all  writh  the  average  American  rail.  And 
I  have  no  hesitation  in  saying  that  if  the  English 
rails  of  which  we  hear  so  much  boasting,  had 
been  made  of  same  design  as  modern 
sections  now  in  use,  and  liad  been  sub¬ 
ject  to  some  enormous  loads  and  traffic 
that  American  rails  are  subjected  to  the 
list  of  frightful  accidents  would  have 
been  greatly  increased.  The  fact  that 
those  English  rails  were  made  with  very 
thick  web,  and  flanges,  as  a  rule  not  ex¬ 
ceeding  3£"  in  width  and  averaging  ,76" 
at  point  of  flange,  has  saved  the  English 
rails  from  causing  many  an  accident. 

No  American  maker  of  rails  to-day  would 
dare  to  risk  his  reputation  in  making 
rails  as  brittle  as  many  of  those  furnished 
by  English  makers. 

Mr.  Becker: — I  think  Mr.  Jones  is 
right  with  regard  to  the  frequent  exces¬ 
sive  amount  of  material  in  the  heads  of 
rails;  whenever  you  have  obtained  a  sec¬ 
tion  which  fulfills  the  requirements  as  to 
stiffness  and  strength,  all  that  you  want 
in  addition  to  that  is  to  have  a  supply  in 
the  head  of  a  sufficient  amount  of  metal, 
over  and  above  that  required  for 
strength  and  stiffness  to  compensate  for  the 
constant  wTear. 

But  I  think  there  has  been  entirely  too  much 
expectation  as  to  duration  of  a  rail,  on  account 


of  its  wear.  My  experience  has  been  that  no. 
matter  how  large  the  rail  head  is  there  is  only  a 
certain  amount  of  it  that  is  actually  fit  for  wear, 
and  when  that  certain  amount  is  worn  out  the 
rail  of  a  larger  section  is  just  about  as 
unfit  for  additional  wear  as  thut  of  a 
smaller  section.  Therefore  I  do  not 
think  that  it  is  best  to  exceed  a  certain 
limit  in  the  top  of  the  rail  sections. 

Of  course,  in  addition  to  this  constant 
area  that  you  ought  to  give,  in  order  to 
satisfy  the  requirement  of  strength  aud 
stiffness,  there  is  this  other  factor  to  be 
provided  against,  and  that  is  the  con¬ 
stantly  increasing  loads  that  are  pushed 
on  to  the  railroads;  but  even  taking  that 
into  account  I  think  there  is  a  tendency 
manifested  in  the  manufacture  of  rail 
sections  to  increase  the  head  of  the  rails 
unnecessarily,  and  I  think  that  even  Mr. 
Sayre,  who  has  certainly  shown  a  great 
deal  of  judgment  in  his  sections,  has 
gone  a  little  too  far  in  the  designing  of 
his  rail  sections,  merely  for  the  accom¬ 
modation  of  his,  in  my  estimation,  ex¬ 
cessively  large  angle  bar  sections. 

I  think  that  as  far  as  the  wear  of  rails  is  concern¬ 
ed  that  if  it  is  a  proper  thing  in  wheels  to  condemn 
them  after  they  have  run  a  certain  number  of 
miles,  it  would  be  just  as  proper  to  condemn  a 
rail  after  carrying  a  certain  amount  of  tonnage. 
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As  to  the  propriety  of  introducing  steel  for 
angle  bars  I  think  if  Captain  Jones  will  stick  to 
his  word  and  manufacture  them  as  cheap  as  iron 
he  will  have  no  trouble  in  getting  all  the  orders 
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lie  wants.  We  cannot  get  angle  bars  of  steel  as 
cheap  as  of  iron.  I  fully  concur  with  him  that 
that  is  the  kind  of  metal  to  put  into  a  track. 

Mr.  Dempster  What  is  the  wearing  effect  of 
wheels  on  rails? 


•  32  rS 
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Mr.  Becker: — When  it  comes  to  wheel  manu¬ 
facture  I  must  say  that  I  am  so  sceptical  as  to 
taking  the  assurance  of  manufacturers  that  I  do 
not  know  whom  to  believe  any  more.  There  has 
been  a  large  amount  of  literature  published  lately 
in  regard  to  the  necessity  of  fitting  the 
rail  sections  to  the  wheel  flanges. 

Mr.  Forney  has  sent  circulars  all  over 
creation  and  has  gotten  some  replies  to 
them  but  he  has  chiefly  obtained  his  in¬ 
formation  from  the  master  car  builders 
and  people  connected  with  the  rolling 
stock  of  railroads.  He  has  asked  very 
little  information  from  the  men  who 
have  charge  of  the  track. 

If  I  recollect  aright,  the  drift  of  his 
argument  was  this,  that  railroads  were 
made  to  carry  traffic  and  therefore  the 
rolling  stock  was  the  dominant  feature 
and  everything  else  connected  with  a 
railroad  had  to  follow  suit. 

The  next  point  in  his  argument  was 
that  the  flange  angle  between  the  tread 
of  the  wheel  and  the  flange  proper,  had 
to  be  made  with  a  radius  of  not  less  than 
§  of  an  inch,  for  the  reason  that  the 
chilling  could  not  be  properly  done 
with  a  sharper  angle. 

Xow,  I  do  not  know  whether  it  can  be  done  or 
not  and  until  I  do  know  something  about  that 
subject  I  do  not  want  to  express  an  opinion.  On 
the  other  hand  I  do  not  believe  that  the  con¬ 


formity  of  the  flange  to  the  rail  is  a  matter  of  any 
very  great  importance.  It  looks  to  me  like  going 
into  a  refinement  of  the  subject  that  won’t  wear 
longer  than  a  few  days. 

As  to  the  wear  I  think  there  is  as  much  wear  of 
the  rails  on  one  side  of  the  track  as  on 
the  other.  I  have  seen  rail  sections  on 
sharp  curves  diminished  fully  33  per 
cent,  in  the  head;  that  was  evidently 
done  by  the  wheel  and  I  have  never 
seen  anything  like  an  equal  reduction 
in  either  the  flange  or  tread  of  a 
wheel. 

Mr.  Jones: — I  just  want  to  illustrate 
how  this  useless  multiplicity  of  sections 
occurs.  (He  here  displayed  a  number  of 
templates.) 

This  template  is  a  standard  of  60  lb. 
rail,  adopted  by  the  Pennsylvania  Kail- 
road  back  in  1875.  From  that  one  stan¬ 
dard  there  have  grown  some  18  sections, 
all  intended  to  represent  that  one  sec¬ 
tion,  but  one  engineer  has  made  that 
angle  12^,  and  one  14,  but  all  with  the 
same  intention,  to  represent  the  original 
section. 

Another  illustration :  Take  this  from 
a  prominent  railroad  engineer.  We  have  rolled 
probably  200,000  tons  of  the  rail  shown  by 
this  template,  representing  one  of  the  standard 
sections.  The  engineer  of  that  road  came  up 
with  an  entirely  different  section.  I  told  him  we 
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had  the  original  section,  that  is  what  he  was  using 
now.  The  section  offered  by  him  was  entirely 
different. 

I  wrote  the  engineer  asking  if  he  would  not 
modify  the  section  and  he  replied  that  it  could 
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not  be  disturbed,  which  is  considered  an  impert¬ 
inent  reply. 

This  template  was  sent  to  us  to  take  it  up.  It 
is  not  true.  There  is  a  different  radial  line  here. 
It  is  not  square  or  anything  else. 


Rail,  70  Lbs.  per  Yard. 
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Here  is  a  template  sent  us  that  would  not  fit 
into  the  gauge  anywhere.  You  can  see  easily  all 
through  it  and  the  other  side  is  still  worse.  That 
is  a  sample  of  the  difficulties  we  have  to  meet. 
We  have  an  order  for  a  rail  like  that  (showing 
template)  and  required  to  guarantee 
it  5  years.  I  would  not  guarantee  it 
5  months,  or  rather  I  will  say  I  will 
guarantee  that  section  as  long  as  it 
lasts  and  no  longer.  The  section  is 
not  fit  to  be  rolled.  The  web  is  so 
thin  that  w'e  cannot  keep  rail  from 
twisting. 

Now',  I  cannot  see  any  reason  why 
a  series  of  standard  sections  cannot 
be  adopted  by  the  different  railroad 
companies.  Here  is  a  point  to  illus¬ 
trate.  Suppose  every  engineer  in 
bridging  and  other  structures  would 
make  his  own  designs  as  to  the  shapes 
to  be  used,  say  11  or  13  inch  beams  or 
channels,  what  would  be  the  result? 

There  are  standard  sizes  given  for 
such  work  and  engineers  simply  get  a 
catalogue  and  make  their  calculations 
and  go  and  construct  their  bridge  in 
relation  to  the  standard  sizes.  I  want 


sive  cost  arising  from  our  being  compelled  to 
keep  so  many  different  sets  of  rolls.  There  is  no 
excuse  at  all  for  that  and  why  it  cannot  be  done 
I  don’t  know. 

Mr.  Bridges,  the  engineer  who  designed  this 
joint  is  present.  I  would  like  to  hear 
from  him. 

Mr.  Bridges: — I  think  it  best  not 
to  say  anything  to-night,  but  at  some 
future  time  I  would  like  to  read  a 
paper  on  it,  but  I  cannot  say  more 
than  has  been  said.  I  think  Captain 
Jones  has  covered  the  ground  very 
well  to-night. 

With  the  permission  of  the  Society 
at  some  future  meeting  I  would  like 
to  read  a  paper  on  the  subject,  pro¬ 
vided  in  the  meantime  I  become  a 
member  of  it. 

Mr.  Kent: — Captain  Jones  has  to¬ 
night  made  a  growl  about  those  peo¬ 
ple  that  buy  rails  not  specifying  his 
particular  sections.  I  heard  him 
make  that  same  growl  at  Philadelphia 
several  years  ago.  I  think  at  that 
time  I  advised  him  to  get  up  a  section 
and  call  it  the  Edgar  Thomson  sec¬ 
tion,  or  preferably,  the  Jones  section, 
and  sell  it  at  one  price,  and  if  any  one  wanted  a 
different  section,  sell  it  at  a  higher  price.  It 
w'ould  be  a  great  advantage  both  to  the  producer 
and  the  consumer.  I  have  not  seen  the  Captain 
do  that. 
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to  get  engineers  to  understand  that  question,  that 
there  is  a  range  of  rails,  and  if  they  dont  like  the 
forms  for  heaven’s  sake  call  a  convention  and  get 
something  definite  and  do  away  with  the  exces¬ 


Mr.  Jones: — I  suppose  the  additions  will  av¬ 
erage  about  fifteen  new  sections  every  year  and 
w’e  are  compelled  to  send  rolls  back  that  are  not 
a  quarter  worn.  It  is  a  peculiarity  about  mil- 
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road  engineers  (I  believe  the  engineers  present 
are  exceptions)  that  each  man  insists  that  he 
shall  display  his  ability  in  designing  new  sec¬ 
tions. 

Mr.  Becker: — On  the  subject  of  those  holes, 
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there  is  a  tendency  to  uniformity  in  railroading, 
perhaps  more  than  in  any  other  branch  of  busi¬ 
ness.  It  used  to  be  that  splice  bars  were  punched 
on  the  one  side  with  a  circular  hole  while  the 
other  one  was  an  oblong  hole.  We  had  trouble 
occasionally,  however,  from  the  Irish¬ 
man  getting  the  thing  reversed  and  it 
led  to  delays.  You  had  to  carry  your 
splice  bars  in  pairs.  But  even  then 
when  you  would  send  a  man  back  to 
get  splices,  perhaps  a  mile  from  where 
you  were  working  he  was  liable  to 
come  up  with  two  splices  for  the  same 
side,  or  with  one  of  one  kind  the 
other  of  another;  and  it  became 
necessary  finally  to  punch  both  sides 
oblong  so  that  the  Irishman  would 
make  no  mistake.  Sometimes  it  was 
necessary  to  teach  him  the  difference 
between  an  oblong  and  a  circular 
hole. 

I  went  over  a  railroad  last  week, 
the  Scioto  Valley,  where  they  had 
reversed  the  thing;  they  had  a  square 
straight  bar  on  one  side  of  the  rail 
and  an  angle  bar  on  the  other,  but  un¬ 
fortunately  they  punched  the  things 
vice  versa  and  they  had  to  put  the 
angle  bar  on  the  inside  of  the  rail.  I  could  not 
understand  it  and  inquired  the  reason  and  they 
told  me  that  the  fellow  that  ordered  the  bars  for¬ 
got  to  designate  the  holes  he  wanted.  I  suppose 


this  was  blamed  on  the  railroad.  If  the  engi¬ 
neers  presumed  on  the  intelligence  of  the  mill 
they  certainly  got  fooled  that  time. 

Mr.  Kent: — I  do  not  think  you  have  as  good 
railroads  in  this  country  as  in  England.  You 
have  not  a  chair  under  the  rail. 
What  particular  reason  is  there  for 
American  roads  using  angle  fish 
plates,  while  the  English  use  a  chair. 
Is  there  any  particular  reason  why 
we  stick  to  this  form  of  the  chair? 
Is  there  anything  in  the  claim  of 
weight,  or  what  is  it?  English  roads 
are  better  built  and  stand  higher  as  a 
rule. 

Mr.  Jones: — That  is  easily  an¬ 
swered.  On  the  standard  roads  in 
England  the  standard  section  of  rail 
is  84  lbs.  per  yard.  If  that  is  the 
correct  section  there  we  should  use 
about  120  lb.  rail  here.  Their  loco¬ 
motives  are  comparative  pigmies 
alongside  our  moguls  and  our  pas¬ 
senger  engines.  You  take  an  Eng¬ 
lish  passenger  train  and  their  whole 
train  will  hardly  weigh  more  than 
one  of  our  Pullman  cars.  This  is 
true  not  only  of  the  English  but  of  the  German 
and  French  roads.  Their  load  per  wheel  is  very 
slight  compared  with  the  load  per  wheel  of  an 
American  road. 

A  great  deal  of  the  trouble  existing  here  to-day 


is  the  very  point  Mr.  Becker  mentions,  that  every 
railroad  engineer  does  not  consider  a  very  im¬ 
portant  thing  in  the  designing  of  rail  sections, 
viz:  their  strength  and  safety.  In  the  number  of 
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rail  sections  we  roll  they  will  order  50- lb.  rail  for 
traffic  that  a  60-lb.  rail  at  the  least  should  be  used 
for.  I  take  into  consideration  this  question,  that 
if  this  rail  breaks  when  it  is  used  beyond  its 
capacity  and  lives  are  lost  thereby,  the  responsi¬ 
bility  is  thrown  on  our  shoulders.  It  is  14  very 
serious  thing  to  put  on  the  shoulders  of  the  rail 
maker.  Our  rail  sections  in  this  country,  as  a 
rule,  are  unfit  for  actual  service. 

The  Sayre  section  has  an  excessive  mass  of 
metal  in  the  head  and  has  comparatively  a  thin 
web  and  thin  flange.  He  has  not  satisfied  the 
condition  of  safety  at  all,  but  wants  great  service 
out  of  the  rail.  The  average  life  of  a  rail  should 
be  about  ten  years. 

Mr.  Becker: — The  English  have  adopted  larger 
rail  sections  on  account  of  the  fact  that  the  cost 
of  cross  ties  is  getting  to  be  an  important  item 
and  they  do  not  space  them  as  close  as  we  do 
here.  I  do  not  agree  with  Mr.  Jones,  that  if  an 
84-lb.  rail  is  the  proper  thing  for  them,  we  should 


have  here  120  to  150- lb.  rails.  On  the  contrary, 
because  we  lay  ties  so  much  closer,  a  lighter  sec¬ 
tion  will  answer  as  well  here  as  heavy  section 
over  there.  We  have  very  little  trouble  with 
rails  actually  breaking  and  wo  have  very  little 
trouble  about  their  bending.  They  go  by  lateral 
flexure  rather  than  by  outright  weight.  That 
ought  to  be  sufficient  to  show  that  ordinary  sec¬ 
tions,  67  to  72  lbs  are  good  for  present  traffic 
purposes  at  least,  as  long  as  we  are  spacing  ties 
as  we  do  now,  16  ties  to  the  30  foot  rail. 

Mr.  Jones: — I  do  not  know,  Mr.  Becker,  in 
the  railroads  of  England  I  found  the  ties  pretty 
close.  Then  they  have  pretty  level  track  over 
there.  They  do  not  run  up  a  hill  then  down 


into  a  doep  valley  or  around  u  hill  when  they 
come  to  it,  as  wo  do,  but  straight  through  it.  If 
you  take  the  Pennsylvania  road,  for  instance, 
you  have  not  many  miles  of  straight  truck  be¬ 
tween  Pittsburgh  and  Philadelphia.  On  curves, 
to  carry  the  heavy  freight  and  passenger  loads 
in  this  country,  at  least  on  the  trunk  lino  rouds, 
I  think  the  sections  should  go  up  to  76  lbs.  Of 
course  I  would  be  interested  in  heavier  flections 
because  we  would  get  a  bigger  tonnage,  but  if  a 
number  of  years  ago  a  65-lb.  rail  was  tin*  proper 
standard  for  the  Pennsylvania  Railroad,  to  carry 
15-ton  cars,  then  76  lb.  is  not  too  large  to-day  for 
20- ton  loads. 

Mr.  Stbobel: — They  space  cross-ties  one  me¬ 
tre  on  the  continent. 

Mr.  Becker: — There  is  a  general  characteris¬ 
tic  on  the  part  of  John  Bull.  He  wants  every¬ 
thing  multiplied  by  two,  to  make  it  safe.  They 
would  not  travel  in  any  buggy  such  as  we  use 
here.  They  want  big  clumsy  vehicles  for  every¬ 
thing.  The  same  thing  is  true  on 
the  continent. 

Mr.  Dempster:— Why  would  it  not 
be  a  good  idea  to  decide  on  different 
sections  of  rails,  catalogue  them  by 
numbers  and  send  them  to  the  engi¬ 
neers  and  let  them  decide.  The 
manufacturers  would  not  then  have 
to  have  so  much  machinery  for  the 
making  of  rails  and  it  would  not  be 
necessary  to  carry  so  many  rolls. 

Mr.  Jones: — It  is  impossible  for 
any  manufacturer  to  carry  even  a  ton 
of  rails  in  stock  because  you  do  not 
know  when  the  engineer  will  change. 
Different  men  will  have  different  sec¬ 
tions.  It  is  impossible  for  the  rail 
manufacturers  to  carry  one  single 
ton  of  rails. 

If  standard  sections  are  adopted 
the  manufacturer  could  afford  when 
orders  are  scarce  to  make  stock. 
For  instance,  then,  when  it  is  hard 
to  work,  in  excessively  hot  weather,  men  need 
not  work  as  the  rails  would  be  on  hand.  In  win¬ 
ter  you  could  manufacture  when  ordinarily  you 
have  no  orders.  For  standard  sections  they 
could  roll  in  winter  and  carry  the  stock  in  sum¬ 
mer.  You  could  pick  up  any  number  of  orders 
for  500  to  1,000  tons  in  that  way. 

Mr.  Becker: — Let  me  suggest  another  thing. 
There  is  a  tendency  among  all  classes  of  people 
to  save  themselves  labor.  I  know  that  most  rail¬ 
road  engineers  have  lots  of  work  on  hand  and  they 
do  not  want  to  sit  dow  n  and  take  a  pencil  and 
square  and  design  sections  just  for  the  fun  of  it. 
I  never  saw  one  yet,  while  on  the  other  hand 
from  the  Cambria  Iron  Works  and  Edgar  Tlioin- 
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son  Works  they  get  a  beautifully  bound  volume 
sent  gratis  each  year,  each  volume  containing 
about  200  to  300  rail  sections.  The  engineer 
finds  it  a  great  deal  easier  when  he  wants  any¬ 
thing  in  that  line  to  send  and  say  send  me  No. 
so-and-so. 

I  think  much  of  the  difficulty  complained  of 
would  be  avoided  if  you  would  cut  down  your 
sample  book  to  a  few  standard  sections. 

Mr.  Zimmebmann: — Has  any  concerted  action 
ever  been  taken  in  regard  to  standard  rail  sec¬ 
tions? 

Mr.  Jones:— Never. 

Mr.  Brown:— Such  has  been  done  regarding 
standards  for  cars  and  couplings. 

Mr.  Dempster: — Couplings  are  patented.  Sec¬ 
tions  of  rails  are  not,  and  each  man  has  a  patent 
and  wants  to  realize  cash  out  of  it. 

Mr.  Brown: — There  is  one  thing  I  would  say 
(referring  to  section  of  a  rail  shown  by  Mr. 
Jones)  that  the  man  that  designed  that  rail  never 
was  on  a  railroad  in  his  life.  He  has  probably 
gone  into  partnership  with  some  spike  factory. 
The  way  that  is  there  you  would  have  your  tie 
entirely  cut  out  for  the  spike  cuts  through.  To 
have  it  cut  off  square  is  to  me  the  best  idea.  The 
curve  acts  as  a  chisel  and  cuts  the  spikes  through. 
That  is  entirely  too  sharp. 

Mr.  Jones: — Eoadmasters  say  they  use  60  per 
cent,  more  spikes  now  than  with  the  square 
flange  rail. 

Mr.  Brown: — Another  thing  is  that  whenever 
a  rail  is  broken  it  is  so  transversely  across  the 
first  bolt.  Now  why  is  that?  It  is  because,  as 
Mr.  Jones  has  said,  the  spacing  between  the  two 
bolts  allows  it  to  spring.  Here  is  the  weakest 
point,  the  first  bolt.  I  never  saw  a  rail  that  did 
not  break  at  the  first  bolt  hole. 

Mr.  Dempster: — Bun  it  closer! 

Mr.  Brown: — That  was  suggested  by  Mr. 
Jones. 

Mr.  Boberts: — Is  the  inside  fish  plate  more 
likely  to  break  than  the  outside? 

Mr.  Brown: — I  do  not  know.  I  never  noticed. 
They  generally  break  through  the  first  bolt 
hole. 

Mr.  Becker: — They  break  at  the  joint,  be¬ 
tween  the  two  holes. 

Mr.  Kent: — There  has  been  something  said 
about  not  having  standard  sizes  of  rails.  Now 
the  master  car-builders  have  adopted  a  great 
many  standards  and  some  of  them  are  entirely 
successful,  such  as  the  standard  axle,  the  stan¬ 
dard  journal.  They  adopted  a  standard  for  screw 
threads. 

Now',  it  takes  some  time  to  work  these  things. 
There  is  no  society  for  the  maintenance  of  way, 
as  the  car  builders  and  mechanics  have,  and  I 
think  therefore  this  society  is  the  proper  one  to 


deal  with  this  subject.  I  think  it  would  not  be 
unwise  to  appoint  a  committee  to  report,  the 
committee  to  consist  of  engineers  of  mainte¬ 
nance  of  way  and  manufacturers.  I  mention 
that  Philadelphia  meeting  again.  There  was  a 
very  considerable  discussion  on  the  subject  but 
nothing  definite  came  of  it.  Nothing  was  done 
and  here  we  are,  four  years  later,  in  the  same 
condition  as  then. 

Mr.  Jones: — (Beferring  to  the  tracings  of  sec¬ 
tions)  in  designing  these  sections  I  conversed 
with  many  of  the  best  roadmasters  on  the  sub¬ 
ject.  I  got  their  ideas  as  to  w-hat  should  be 
done.  And  wrhile,  therefore,  many  of  my  own 
ideas  are  represented,  there  also  are  ideas  there 
of  some  of  the  best  roadmasters  in  the  country. 

As  a  rule  they  are  opposed  to  this  unusual  dis¬ 
tribution  of  metal  in  the  head,  and  excessively 
thin  flanges  and  web.  I  have  derived  a  great 
many  ideas  from  the  men  who  are  maintaining 
the  track.  They  uniformly  condemn  the  exces¬ 
sive  space  between  the  heads.  The  further  that 
you  may  have  that  hole  the  weaker  you  will  have 
the  track. 

Another  thing  in  connection  with  maintain  - 
ing  a  good  track,  is  that  many  roads  require  rails 
to  be  slightly  cambered.  This  is  wrong  and  if 
any  camber  is  to  be  in  the  rail  it  should  be  ex¬ 
actly  the  reverse.  In  other  words,  if  rails  were  laid 
in  track  with  ties  perfectly  level,  then  rails 
should  rest  on  center  ties,  with  ends  slightly 
above  the  ties.  For  illustration  I  make  the  state¬ 
ment  that  from  Pittsburgh  to  Philadelphia  oh 
the  Pennsylvania  Bailroad  the  track  is  a  succes¬ 
sion  of  cambers  and  low  joints,  and  I  doubt  if 
but  few  railroad  men  are  aware  of  the  fact  that 
the  action  of  trains  passing  over  rails  will  pro¬ 
duce  the  camber.  Yet  it  is  a  well  known  law 
in  mechanics  that  rolling  friction  on  a  metal¬ 
lic  surface  will  elongate  that  surface  and  the 
metal  will  flow,  and  the  results  will  be  a 
camber.  So  it  is  with  rails.  The  action  of  pass¬ 
ing  trains  will  elongate  the  metal  in  head  of  rail 
and  the  inevitable  consequence  is  a  camber,  and 
this  fact  will  partly  explain  the  difficulty  of 
overcoming  low  joints. 

Mr.  Boberts: — In  1864  our  old  chief  engineer 
used  on  a  line  of  track  we  had  wooden  joints. 
There  had  been  some  trouble,  but  after  he  made 
the  substitution,  although  a  part  of  the  rails 
were  on  a  bridge  and  we  had  heavy  trains  there 
I  never  saw  a  broken  fish  plate  on  that  division. 
I  frequently  walked  over  it. 

His  idea  was  that  the  flanged  surface  helped 
to  give  more  weight  on  the  inside  of  the  rail 
than  outside.  For  that  reason  I  asked  the  ques¬ 
tion  if  the  records  show  which  fish  plate  is  apt 
to  break. 

Mr.  Becker: — If  there  is  any  difference  in  the 
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breaking  of  the  angle  bars  the  outside  bar  on 
curves  is  more  apt  to  break.  They  get  a  little 
additional  stress  at  the  joint  and  are  more  apt 
to  break  on  that  account.  On  straight  track  one 
is  as  apt  to  suffer  as  the  other. 

Mr.  Brown: — The  tendency  of  the  track  men 
is  to  raise  the  ties  at  the  joints.  They  will 
insist  on  having  them  higher  at  the  joints  than 
the  rest  of  the  rails.  They  tamp  the  rails  from 
the  outside  to  the  inside.  It  should  be 
tamped  from  the  inside  and  not  from  the  out¬ 
side,  and  in  consequence  it  gives  a  bearing  on 
the  outer  end  of  the  ties,  which  sends  the  track 
down  again. 

Mr.  Dempster: — In  regard  to  carrying  out  the 
suggestion  of  Mr.  Kent,  would  it  not  be  well 
enough  to  ask  this  committee  on  splice  bars  to 
extend  their  investigations  further,  to  rails,  and 
formulate  a  series  of  questions  to  be  sent  out  by 
the  secretary  to  get  information  from  chief  en¬ 
gineers  of  the  country  to  give  their  ideas  of  the 
cross  sections  of  rails? 

Tests  should  be  made  of  the  strength  of  the 
rail,  for  the  purpose  of  comparison  with  the 
strength  of  the  joint;  but  we  do  not  want  to 
know  the  strength  of  the  angle  bars  alone; 
what  we  do  want  to  know  is  the  strength  of 
the  complete  joint  just  as  it  exists  in  the  track. 
It  will  not  answer  therefore  to  sandwich  two 
short  chunks  of  rail  between  the  angle  bars 
and  test  that  combination,  as  the  short  rail 
pieces  would  simply  go  down  under  the  test 
and  offer  no  resistance,  except  what  little 
strength  there  may  be  in  the  bolts.  The  rails 
to  be  tested  with  the  angle  bars  as  a  combined 


joint,  should  be  sufficiently  long  to  obtain  the 
advantage  of  their  continuity,  or  if  tliut  is  ini 
practicable  they  should  be  clumped  or  fa* tent'd 
in  such  manner  os  to  obtuin  results  similar  to 
those  obtuined  from  testiug  a  joint  with  long 
rails  inserted  between  the  ungle  bars.  The  re¬ 
sult  of  a  series  of  such  tests,  applied  to  a  variety 
of  rail  sections  and  to  u  variety  of  splice  joints 
would  certainly  be  very  interesting,  and  if  made 
kuown  to  the  parties  in  charge  of  railroad  track, 
would  undoubtedly  result  in  promoting  uniform¬ 
ity  in  the  sections  of  rails  uud  splices  urn)  iu  a 
reduction  from  multiplicity  to  uniformity  it  is 
quite  reasonable  to  predict  that  the  fittest  will 
survive. 

Mr.  Strorel:— I  think  that  the  question  of 
standard  rail  sections,  which  is  the  one  consid¬ 
ered  to-night,  is  entirely  distinct  from  the 
strength  of  rails.  Of  course,  in  testing  rail 
joints  it  is  necessary  to  use  rails  in  connection 
with  them,  but  even  if  we  know  what  strength 
the  rail  has  we  do  not  know  whether  it  is  a  good 
section  for  adoption  on  railroads.  And  a  great 
many  other  questions  have  to  be  considered, 
wear,  etc. 

I  think  I  can  speak  for  the  committee  on  rail 
joints  that  they  have  already  a  field  for  opera¬ 
tions  that  is  exlmustless  and  I  think  it  would 
not  be  advisable  to  include  also  standard  rail  sec¬ 
tions.  Besides  that  committee,  I  think,  has  only 
one  of  its  members  who  is  connected  with  main¬ 
tenance  of  way. 

A  committee  that  should  form  standard  sec¬ 
tions  for  adoption  I  think  lmd  better  operate 
distinctly  from  the  committee  on  rail  joints. 
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[A  paper  read  before  the  Engineers’  Society  of  Western  Pennsylvania,  September  15,  1885,  by  S,  B.  Fibiieb.1 


It  was  my  fortune,  years  ago,  to  have  access  to 
a  manuscript  translation  of  an  article  entitled 
“  The  Profile  of  Quantities .”  It  purported  to  be 
founded  on  a  chapter  of  Cuhlman’s  Graphical 
Statics.  This  article  was  prepared  by  a  Ger¬ 
man  engineer,  apparently  as  an  exercise  in  Eng¬ 
lish  composition,  so  that  it  presented  an  idea 
often,  in  a  manner  which  to  one  born  to  the  use 
of  English,  seemed  not  as  if  it  walked  in  head 
foremost  on  all  fours,  but  rather  as  if  pulled  in, 
in  spite  of  itself,  by  the  tail.  But  in  this,  as  in 
many  similar  cases,  after  having  mastered  these 
peculiarities,  and  adapted  it  to  American  prac¬ 
tice,  we  find  it  very  handy  and  very  complete. 

To  illustrate  the  subject,  let  us  take  an  exam¬ 
ple  from  actual  practice,  section  No,  7,  of  a  road 
built  two  or  three  years  ago. 

Before  constructing  the  profile  we  must  make 
a  tabular  statement.  This  tabular  statement  has 
six  columns.  In  the  first  column  are  the  station 
numbers.  The  distance  between  these  stations 
is  usually  100  feet,  but  may  be  any  other  unit  of 
measurement  which  is  used  in  the  construction 
of  the  work.  The  section  of  work  here  shown 
extends  from  stations  638  to  710.  In  columns  2 
and  3  we  have  the  total  excavation  and  embank¬ 
ment  within  the  station.  These  quantities  are 
considered  as  distributed  uniformly  over  the 
station.  They  are  obtained  from  the  estimate 
sheets.  Figures  of  excavation  are  written  with 
blue  ink,  those  of  embankment  with  red'  ink. 
In  column  4  we  have  the  quantities  deposited 
within  the  station,  which  is  obtained  from  2  and 
3  in  an  obvious  manner.  Unless  there  is  a 
special  price  for  this  work,  deposited  by  casting 
and  wheeling,  this  column  may  be  omitted.  If 
casting  and  wheeling  have  different  prices,  two 
columns  may  be  used.  In  columns  5  and  6  we 
have  the  final  ordinates,  which  are  obtained  by 
cumulating  the  increments  in  columns  2  and  3,  by 
adding  like  and  subtracting  unlike  signs  or  col¬ 
ors.  The  final  ordinate  should  be  equal  to  the 
difference  between  the  sums  of  columns  2  and  3, 
and  should  be  in  favor  of  the  excess  of  excava¬ 
tion  or  embankment  as  the  case  may  be. 


The  Profile  is  made  by  plotting  the  ordinates 
in  the  last  two  columns,  on  ordinary  profile 
paper.  The  blue  is  taken  as  plus  and  the  red  as 
minus.  The  vertical  scale  is  selected  as  any 
other  scale,  depending  on  the  accuracy  required 
for  the  work,  size  of  the  paper,  etc.  The  points 
obtained  by  plotting  the  ordinates  are  now  con¬ 
nected  by  lines.  A  descending  line  is  shown  on 
the  profile  in  red,  and  an  ascending  line  in  blue. 
The  red  thus  always  represents  embankment  and 
the  blue  excavation;  because  in  going  from  one 
station  to  another,  if  the  embankment  is  in  ex¬ 
cess,  the  increment  will  be  negative  and  the  line 
of  profile  will  incline  downward,  the  reverse 
being  true  for  the  blue. 

And  now  comes  the  most  important  line  of  the 
profile — the  Balancing  Line.  The  principal 
business  of  this  line  is  to  determine  the  sub-sec¬ 
tions.  Let  us  look  at  the  profile  to  see  how  it 
does  this  and  other  things. 

One  point  through  which  the  line  must  pass, 
is  the  beginning  of  the  profile.  The  next  con¬ 
trolling  point  is  at  station  653  +  40,  where  there 
is  a  run  which  was  not  crossed  with  material. 
Connecting  these  points  by  the  line  A  B  C.  we 
have  the  first  part  of  the  balancing  line.  The 
inclination  of  the  balancing  line  gives  a  graphi¬ 
cal  representation  of  the  shrinkages,  or  as  it  is 
in  this  case,  the  expansion.  At  station  652  —  3 
we  have  an  embankment  which  is  made  from  the 
excavation  651  —  2.  The  main  embankment, 
638  —  644,  is  made  from  the  excavation  644  —  651. 
Prolonging  the  inclined  lino  from  A  B  to  its  in¬ 
tersection  with  the  horizontal  through  F,  we 
have  the  pole  P.  Lines  lying  in  the  angle  be¬ 
tween  these  lines  and  passing  through  P,  will 
cut  equivalent  segments  from  the  red  and  blue 
curves.  The  most  important  one  of  these  lines 
is  the  line  indicating  the  Limit  of  Haul.  This 
limit  of  haul  on  this  section  was  800  feet.  For 
every  cubic  yard  hauled  100  feet  over  this  dis¬ 
tance,  the  contractor  received  an  additional 
compensation.  P  G  II ,  having  G  II  in  horizon¬ 
tal  projection  800  feet  long,  fulfills  this  condi¬ 
tion.  Passing  polar  lines  through  each  point  of 
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Station. 

Quantities. 

Cost. 

Ordinates. 

Cut. 

Fill. 

+ 

— 

639 

1,298 

1,298 

640 

Q 196 

2,494 

1 

1 , 041 

3,535 

2 

789 

4424 

3 

685 

5409 

4 

455 

5*464 

5 

309 

141 

141 

5,  296 

6 

478 

4,818 

7 

758 

4*060 

8 

947 

3,113 

9 

966 

2*147 

650 

838 

1409 

1 

372 

937 

2 

75 

862 

3 

126 

227 

126 

963 

4 

67 

22 

22 

918 

5 

166 

752 

6 

199 

553 

7 

139 

414 

8 

22 

165 

22 

557 

9 

51 

135 

51 

•  •  •  •  • 

641 

660 

120 

181 

120 

702 

1 

322 

274 

274 

654 

2 

233 

285 

233 

706 

3 

78 

185 

78 

813 

4 

74 

185 

74 

924 

5 

53 

163 

53 

1,034 

6 

65 

141 

65 

1,110 

7 

66 

167 

66 

1,211 

8 

54 

18 

18 

1,175 

9 

96 

1,271 

670 

116 

1487 

1 

6 

89 

6 

1 ,'  470 

2 

24 

63 

24 

1,509 

3 

32 

43 

32 

1,520 

4 

7 

65 

7 

1,578 

5 

23 

93 

23 

1,648 

6 

263 

1,  911 

7 

304 

2,215 

8 

146 

2*361 

9 

9 

111 

9 

2463 

680 

10 

19 

10 

2,472 

1 

295 

2,177 

2 

149 

2428 

3 

599 

1429 

4 

562 

*869 

5 

1,016 

249 

6 

1,297 

1,546 

7 

1,368 

2  ^  914 

8 

1,050 

3*964 

9 

491 

4*455 

690 

66 

101 

66 

4*420 

1 

547 

3,873 

2 

573 

3,300 

3 

554 

2,746 

4 

15 

1,637 

15 

1,124 

5 

. 

1. 131 

7 

6 

563 

570 

7 

440 

1,010 

8 

323 

1,333 

9 

162 

1,495 

700 

55 

158 

50 

1*598 

1 

82 

137 

82 

1,653 

2 

28 

286 

28 

1,911 

3 

127 

501 

127 

2,285 

4 

929 

123 

123 

1,479 

5 

1,979 

500 

6 

1,919 

2,419 

7 

910 

203 

3426 

8 

363 

218 

3*271 

9 

243 

3,028 

710 

102 

2,926 

1 

19,989 

17,063 

2,926 

flexure  of  either  red  or  blue  liues,  we  have  a 
series  of  iutercepts  on  these  liues,  paired  red 
and  blue,  the  vertical  projections  of  which  repre¬ 
sent  equivalent  cuts  and  fills,  and  the  horizontal 


distances  between  their  centers  of  gravity,  less 
the  haul,  is  the  overhaul.  To  tabulate  these  and 
get  equivalent  quantities  hauled  100  feet  is  the 
work  of  a  minute.  The  shrinkage  is  shown  by 
the  relation  between  the  vertical  projections  of 
A  F  and  B  F,  which  may  be  obtained  either 
numerically  or  graphically.  In  this  case  it  is 
negative,  or  expansion  of  20  per  cent.  The  bal¬ 
ancing  line  is  continued  through  684  +  20,  the 
dividing  point  between  backward  and  forward 
hauls  in  the  cut,  and  through  695  4-  50,  a  similar 
point  in  the  fill.  The  last  controlling  point  for 
the  balancing  line  is  the  end  of  the  profile.  We 
have  now  the  last  two  sections  of  the  balancing 
line,  L  M  and  N  0,  separated  by  a  vertical  dis¬ 
tance  representing  3,200  cubic  yards  of  cut. 
This  cut  was  used  in  widening  the  bank  between 
696  and  710.  If  the  embankment  had  been 
measured  after  the  widening,  the  red  line  would 
have  been  steeper  and  would  have  matched  the 
blue.  As  it  is  the  spoil  bank  is  indicated  by 
connecting  the  parts  of  the  balancing  line  with 
an  inclined  line  M  N.  Borrow  Pits  are  indicated 
in  a  similar  manner. 

The  application  of  the  Profile  Quantities, 
which  we  have  been  considering,  is  to  work 
which  has  already  been  executed,  where  all  we 
wanted  to  get  was  overhaul  and  shrinkage.  By 
far  its  most  important  use,  is  in  new  work,  for 
the  distribution  of  material  and  for  determining 
the  average  haul.  The  balancing  line  for  new 
work  is  established  like  the  grade  line  on  the 
ordinary  profile.  Its  position  will  be  theoreti¬ 
cally  correct,  when  the  aggregate  work  repre¬ 
sented  by  the  quantities  above  is  equal  to  the 
aggregate  work  represented  by  the  quantities 
below  it.  While  all  the  points  on  this  line  are 
not  determined,  as  in  work  already  executed, 
still  there  will  be  found  in  nearly  every  piece  of 
work,  some  particulars  approximately  or  even 
exactly  locating  some  points  on  this  line.  In 
locating  the  balancing  line  between  these  deter¬ 
mined  points,  the  engineer  will  find  scope  for 
the  exercise  of  his  theories  and  that  combination 
of  qualities  which  results  in  what  is  called  good 
judgment.  When  the  balancing  line  is  drawn, 
we  see  the  average  haul  at  a  glance.  If  the  bulk 
of  the  quantities  is  moved  only  a  short  distance, 
it  will  be  more  economical  to  ask  for  bids  with  a 
short  haul,  say  500  or  600  feet;  but  if  the  quanti¬ 
ties  are  largely  to  be  moved  to  great  distances  it 
will  be  more  economical  to  ask  for  bids  on  the 
basis  of  long  haul,  say  1,000  or  1,200  feet.  We 
just  read  off  the  distribution  of  material.  For 
example,  on  the  profile  we  have  worked  out: 

Cut  from  station  644  to  650  +  80,  haul  west,  de¬ 
posit  between  stations  638 — 644. 

Cut  from  station  650  +  80  to  652,  haul  east, 
deposit  between  stations  652—653. 
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Cut  from  station  653  to  657,  haul  east,  deposit 
between  stations  657 — 663,  etc. 

The  distribution  of  material  is  perhaps  the 
most  important  part  of  earthwork.  Unless  the 
men  who  are  doing  the  work  are  started  right 
and  constantly  watched,  they  will  put  it  in  the 
wrong  place.  While  in  some  cases  the  way  in 
which  the  material  should  be  distributed  is  evi¬ 
dent  without  the  use  of  the  profile  quantities,  in 
every  extensive  piece  of  work,  there  are  places 
where  it  is  undetermined,  and  the  engineer  need 
not  be  surprised,  if,  as  has  happened  with  the 
writer,  he  finds  that  the  profile  of  quantities, 
with  its  logic  of  facts,  reverses  his  first  im¬ 
pressions. 


It  takes  more  time  and  labor  to  make  the  pro¬ 
file  of  quantities  than  to  work  out  or  “judge  ' 
out,”  as  the  case  rnuy  be,  with  pencil  and  ordi¬ 
nary  profile,  the  things  which  the  engineer  must 
know  about  the  quantities  with  which  he  is  deal¬ 
ing.  But  there  is  something  in  its  favor.  It 
gives  a  complete  record  of  the  work,  which  may 
be  very  important  for  future,  as  it  is  for  present 
use.  Distributing  the  material  in  the  most  eco¬ 
nomical  manner,  it  is  of  ad  vantage  to  the  com¬ 
pany  which  is  having  the  work  done,  because 
its  work  is  done  for  the  least  cost,  and  also  for  the 
contractor,  who  is  able  to  do  the  work  with  tin- 
least  expenditure  of  energy,  and  to  the  eugincer 
it  gives  the  satisfaction  of  knowing  he  is  right. 


— 


— 
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A  FROC-LESS  MAIN  TRACK. 


[A  paper  read  before  the  Engineers’  8ociety  of  Western  Pennsylvania.  Pittsburgh,  by  C.  II.  Prick, 

October,  1885.] 


It  is  believed  that  a  stationary  or  permanent 
frog,  planted  in  the  main  track  of  a  railroad,  and 
there  subjected  hourly  to  the  wear  of  hundreds 
of  wheels  passing  along  the  main  track  and  over 
it  at  a  speed  of  from  fifteen  to  sixty  miles  per 
hour,  none  of  which  wheels  have  any  legitimate 
business  with  the  frog,  while  the  actual  use  of 
such  a  frog  is  probably  limited  to  a  very  few 
pairs  of  wheels  per  day  passing  through  it  at  a 
low  rate  of  speed  in  going  into  or  out  of  the  sid¬ 
ing  is  an  unnecessary  evil  in  our  current  rail¬ 
way  practice,  and  that  the  desirability  of  its 
abolition  increases  annually  in  the  direct  ratio 
of  the  increasing  speed  of  passenger  trains  and 
increasing  weight  of  freight  trains. 

When,  for  instance,  you  are  making  a  journey 
from  New  York  to  Chicago  upon  a  limited  ex¬ 
press,  your  train,  having  the  right  of  the  road, 
finds  a  clear  track  before  it.  The  frogs  leading 
into  the  various  sidings  along  the  road  are  not 
for  the  use  of  this  fast  express  train.  Not  once 
is  it  required  to  take  siding.  Yet,  in  a  long  jour¬ 
ney  thousands  of  frogs  must  be  passed  over  by 
every  wheel  in  your  train,  the  frogs  being  them¬ 
selves  exposed  to  purely  unnecessary  wear,  and 
inflicting,  in  return,  upon  the  locomotive  ma¬ 
chinery,  driving  tire,  and  car  trucks  an  even 
greater  amount  of  shock  and  injury.  And  this 
is  true  in  somewhat  less  degree  of  all  other  pas¬ 
senger  trains.  Occasionally,  such  trains  take 
siding,  and  in  so  doing  make  legitimate  use  of  a 
frog;  but  for  once  that  they  thus  find  a  frog  use¬ 
ful  to  them,  there  are  hundreds  of  times  when  it 
is  but  an  impediment. 

When  we  consider  the  greater  volume  of  freight 
than  of  passenger  traffic,  and  that,  out  of  an 
enormous  number  of  freight  wheels  passing 
over  a  given  frog  in  24  hours,  an  exceedingly 
small  proportion  of  them  may  need  to  enter  the 
siding  for  which  the  only  use  of  this  particular 
frog  is  to  afford  ingress  and  egress,  it  is  easy  to 
comprehend  that  even  at  the  lower  speed  of 
freight  trains  there  must  be  relatively  a  greater 
unnecessary  wear  of  frogs  on  the  part  of  freight 
wheels  than  of  passenger  wheels,  and  that  all 


this  friction  is  attended  with  small  recompense 
in  the  way  of  useful  service. 

An  axle  slightly  bent — a  flange  a  little  too 
sharp — a  driving  tire  worn  a  little  too  hollow — 
each  defect  almost  too  slight  to  meet  the  con¬ 
demning  glance  of  a  vigilant  inspector-  may 
pass  safely  over  hundreds  of  miles  of  steel  rail, 
but  contact  with  a  frog  may,  and  often  does, 
cause  an  accident  that  would  not  elsewhere  oc¬ 
cur. 

A  permanent  frog  with  its  entering  angles  like 
bootjacks  has  caught  many  a  foot  in  its  deadly 
grasp,  and  brought  many  an  honest  fellow  face 
to  face  with  death  in  one  of  its  most  horrible 
forms. 

Consequently,  the  question  of  the  real  neces¬ 
sity  of  fixed  and  permanent  frogs  in  the  main 
track  is  one  well  worthy  of  consideration.  Cau 
they  be  dispensed  with,  and  in  their  place  can 
there  be  used  a  movable  equivalent,  which  will 
allow  passage  for  wheels  in  or  out  of  the  siding 
when  it  is  necessary  to  use  the  siding,  w  hile  at 
other  times  this  frog  substitute  shall  stand  clear 
of  the  main  track,  free  from  exposure  to  unnec¬ 
essary  wear,  and  permitting  trains  to  pass  along 
at  high  speed  over  an  unbroken  rail? 

It  is  believed  that  this  question  can  be  prop¬ 
erly  answered  in  the  affirmative,  and  it  is  pro¬ 
posed  to  state  to  you  what  Inis  been,  and  is  now- 
being.  done  toward  this  end. 

The  history  of  movable  frogs  is  not  a  recent 
one.  Indeed,  I  am  informed  and  believe  that  a 
crude  form  of  movable  frog  antedates  the  fixed 
frog,  even  on  steam  railways.  In  the  mine  tram¬ 
ways  of  Great  Britain  and  this  country,  it  is  cus¬ 
tomary  to  run  loaded  or  empty  mine  wagons 
on  to,  or  out  of,  turnouts  by  throwing  a  movable 
siding  rail  over  the  main  rail;  and  when  steam 
railroading  commenced  the  practice  of  the  mine 
tramway  in  this  respect  was  to  some  extent  fol¬ 
lowed.  A  gentleman  formerly  resident  in  this 
city  who  has  occupied  various  high  railway  po¬ 
sitions,  told  me  not  long  ago  that  he  could  re¬ 
member  when  such  was  the  practice  on  the  Cam¬ 
den  A  Amboy  railroad. 


50 


ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 


I  do  not  understand  that  these  early  substi¬ 
tutes  for  frogs  were  interlocked  with  the  switch, 
but  that  each  was  thrown  separately;  thus  it 
was  necessary  to  throw  two  levers,  situated  at 
different  points,  to  enter  or  to  leave  a  siding. 
From  such  crude  devices  as  these,  however,  the 
permanent  frog  was  a  happy  relief;  and  its  use 
rapidly  became  general. 

In  those  days  of  butt  switches  and  strap  rails, 
nobody  thought  seriously  of  the  additional  jar 
caused  by  wheels  passing  across  the  throat  of  an 
open  frog;  and  a  generation  passed  by  before 
the  spring -rail  frog,  with  its  greater  smoothness 
and  comfort,  came  into  vogue  on  the  first-class 


and  connected  with  the  switch  by  a  rod,  took 
the  place  of  the  frog.  When  the  switch  was 
thrown  for  the  siding,  the  pivot  rail  was  made 
to  turn  on  its  centre,  so  that  its  free  ends  came 
in  contact  with  the  lead  rail  and  siding  rail  re¬ 
spectively,  and  afforded  a  passage  into  the  sid¬ 
ing  for  the  wheels  of  the  train. 

Many  of  our  northern  railroad  men  who  entered 
the  Government  Military  railroad  service  during 
the  war,  obtained  their  first  sight  of  a  frogless 
main  track  on  one  of  those  Virginia  roads;  and 
they  were  all  ready  to  vote  against  it,  as  a  remedy 
for  the  frog  evil  that  was  worse  than  the  disease; 
because  it  left  two  open  joints  in  close  con- 


Fig.  1. — Straight  or  Open  Throat  Frog. 


lines,  while  on  a  very  large  proportion  of  the 
railways  of  this  country,  the  jarring  “open- 
throats”  or  “straight  frogs”  are  still  exacting 
their  tribute  of  discomfort  from  every  passen¬ 
ger  and  wear  from  every  wheel. 


tiguity  in  the  main  track,  which  jarred  more 
than  any  frog,  and  because  in  warm  weather 
with  an  expanded  rail,  it  was  a  matter  of  extreme 
difficulty  to  operate  both  the  switch  and  pivot- 
rail.  Bars  and  hammers  were  often  necessary  to 


In  1849  a  patent  was  granted  to  William  Dut¬ 
ton  for  a  removable  bar  or  rail  connected  by  a 
long  rod  with  the  switch  rail,  and  arranged  to 
be  thrown  across  the  main  track  at  the  point 
usually  occupied  by  the  frog.  I  cannot  find  that 
this  device  was  ever  put  into  use,  but  a  few  years 
before  the  war  a  switch  sometimes  called  “the 
telegraph  switch”  and  at  other  times  “the  Dooley 


drive  the  ends  of  the  pivot  rails  into  line  with 
the  adjacent  fixed  rails.  The  “telegraph  switch” 
does  not  appear  to  have  made  any  headway  in 
the  north,  and  to  have  soon  had  its  day  at  the 
south,  although  not  long  ago  I  heard  of  several 
of  them  on  a  branch  road  in  Alabama. 

Between  1860  and  1870  the  principal  improve¬ 
ment  in  the  track  appliances  of  railroads  in  this 


switch”  was  introduced  on  several  southern  country  was  in  the  substitution  of  safety  switches 
roads.  In  this  switch,  a  pivot  rail  in  the  main  for  the  barbarous  stub  switch  that  had  been  en- 
track  at  the  point  usually  occupied  by  the  frog  dured  previously.  The  English  point  switch, 
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improved  by  Lorenz  and  by  Armstrong,  and  the 
Wharton  switch,  a  distinctively  American  inven¬ 
tion,  became  the  successors  of  the  old  fashioned 
stub.  The  Wharton  switch  secured  au  abso¬ 
lutely  unbroken  continuity  of  rail  at  the  switch, 
and  the  point  switch  gave  practically  although 
not  the  same  result. 


offering  to  supplant  the  tlxed  frog  now  known  *o 
railway  practice. 

In  the  first  place,  the  frog-substitute  must  In; 
as  firm  and  stable  as  the  frog  itself.  Although 
as  compared  with  the  present  unuecessary  use  of 
the  frog,  its  necessary  use  may  not  Im*  greater 
than  is  1  to  100,  yet,  when  it  is  to  be  used,  it 


Both  of  them  secured  safety  to  trains  running 
over  the  heel  of  the  switch  in  the  event  of  its 
having  been  carelessly  set  wrong  (or,  as  it  is 
called,  “left  set  for  the  siding”)  and  with  this 
change  came  a  highly  satisfactory  lessening  of 
.  the  dangers  of  travel. 

A  continuous  rail  at  the  switch  having  thus 
been  secured,  the  break  or  gap  at  the  frog  re¬ 
mained  the  only  one  to  close.  Within  the  last 
twenty  years,  quite  a  number  of  patents  have 


may  be  used  by  the  heaviest  engines  and  cars; 
and  who  can  say  at  what  speed?  If  the  present 
frog,  fixed  in  the  track  as  firmly  as  any  part  of 
it,  has  any  merit  that  is  beyond  question,  surely 
it  is  in  this  quality  of  offering  a  solid  bridge  for 
traffic  coming  from  one  track  to  another;  and  any 
movable  substitute,  no  matter  how  great  may  be 
its  advantages  in  other  respects,  will  certainly 
fail  of  approval  if  it  retain  not  this  excellent 
quality  of  that  which  it  seeks  to  supplant. 


been  granted  for  devices  intended  to  take  the 
place  of  frogs,  but  the  manufacture  of  frogs  has 
not  ceased,  nor  has  any  feasible  frog-substitute 
come  into  general  use,  or  even  been  heard  of  by 
railroad  men  in  general.  Why  is  this  the  case? 

It  may  be  well  to  consider  just  at  this  point 
the  conditions  that  must  be  met  by  any  device 


And  again,  after  all  that  has  been  doue  in  the 
last  tw  enty  years  to  secure  safety  sw  itches  w  hich 
cannot  derail  a  train  even  if,  once  in  a  while, 
they  are  left  misplaced— surely  railway  mana¬ 
gers  would  not,  while  they  retained  the  posses¬ 
sion  of  their  faculties,  favor  for  a  moment  a 
movable  frog,  which  in  the  event  of  the  same 
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degree  of  carelessness  in  tlieir  operating  force, 
would  by  being  left  superimposed  upon  the  rail 
at  the  point  usually  occupied  by  the  frog,  derail 
a  train  at  that  point  and  thus  render  nugatory 
the  safety  feature  of  the  switch  with  which  it 
might  be  interlocked.  In  other  words,  the  mov¬ 
able  frog  which  is  to  drive  the  stationary  frog  to 
the  same  shades  of  obscurity  in  which  the  old 
stub  switch  now  reposes,  must  possess  the  same 
feature  of  “safety  under  careless  operation” 
which  would  be  claimed  for  the  Wharton,  the 
Lorenz,  the  Armstrong  a  ad  other  successful 
rivals  of  the  stub  switch. 

Then  it  must  be  possible  to  perform  over  the 
frog-substitute  the  various  every-day  operations 
of  railroading.  Among  these  are  “flying  switches” 
(or  as  it  is  sometimes  called  “swinging”  or  “drop¬ 
ping”)  and  “roping.”  The  “flying  switch”  is 
strictly  forbidden  in  many  quarters.  In  several 
States  there  are  statutory  provisions  against  it. 
On  many  railroads  there  are  general  rules  and 
special  orders  against  it. 

If  swinging  is  not  to  be  practiced,  then  under 
similar  conditions  of  work,  “roping”  must  be. 
This,  as  every  one  knows,  is  done  by  stopping 
the  train  just  in  front  of  the  switch,  attaching 
the  switch  rope  usually  carried  on  the  engine 
(and  generally  from  12  to  15  feet  in  length)  to  the 
drawhead  of  the  tender  at  one  end  and  to  the 
drawhead  of  the  car  at  the  other  end;  then 
throwing  the  switch  between  the  engine  and  car 
whereupon  the  engine  proceeds  along  the  main 
track,  while  the  car  guided  by  the  switch  and 
pulled  by  the  rope,  enters  the  siding. 

Now  if  the  frog-substitute  be  so  interlocked 
with  the  switch  and  of  such  a  character  that 
when  thrown  for  the  main  track,  to  do  its  work 
in  lieu  of  the  frog,  it  presents  an  insuperable 
obstacle  to  an  engine  passing  along  the  main 
track,  then  it  is  objectionable  and  cannot  fill  the 
place  which  it  is  designed  to  take. 

A  final  and  important  point  upon  which  a  frog- 
substitute  must  expect  to  stand  judgment  is  that 
of  cost.  It  is  doubtless  true  that  a  cost  not  ex¬ 
ceeding  two  to  four  times  that  of  the  present 
low  price  of  stationary  frogs  would  not  seem  ex¬ 
cessive  to  many  managers — certainly  not  to  man¬ 
agers  of  those  great  trunk  lines  upon  which  the 
immense  unnecessary  wear  of  their  frogs  shor¬ 
tens  their  life  to  three  or  four  years ;  but  if  the 
proffered  substitute  should  come  too  high  in  its 
first  cost,  or  if  it  be  of  such  complicated  and 
cumbrous  mechanism  as  to  make  it  reasonably 
certain  to  require  frequent  and  costly  repairs, 
then  again  it  would  not  meet  the  requirements 
of  the  case. 

these  then  it  would  seem  are  the  requirements 
of  a  movable  frog,  necessary  to  secure  prefer¬ 
ence  over  the  present  form  of  fixed  frog;  first, 


absolute  safety  in  ordinary  operation,  involving 
the  use  of  the  heaviest  rolling  stock  now  exist¬ 
ing  or  likely  to  exist;  second,  safety  to  trains 
passing  along  the  main  track,  in  the  event  of 
carelessness  attending  operation;  third,  no  ad¬ 
dition  to  present  difficulties  in  performing  work 
at  sidings;  and  fourth,  relative  economy  as 
compared  with  fixed  frogs,  if  not  in  first  cost 
at  least  in  cost  of  maintenance  during  a  term 
of  years.  ^ 

Now,  when  we  look  at  the  devices  contained  in 
the  records  of  the  patent  office  (for  it  is  not  pos¬ 
sible  to  learn  much  about  the  majority  of  them 
from  any  other  source  of  information),  it  be¬ 
comes  apparent  that  a  large  proportion  of  those 
who  have  taken  up  the  subject,  even  in  these 
later  years,  have  done  so  in  about  the  way  that 
Dutton  and  Dooley,  way  back  in  the  50’s  did.  It 
is  surprising  to  note  the  very  slight  variations 
between  many  of  them.  Most  of  them  do  not 
contain  the  slightest  provision  for  safety  in  the 
event  of  the  switch,  with  which  the  frog  is  in¬ 
terlocked,  having  been  carelessly  left  misplaced;  * 
and  the  noting  of  this  fact  leads  to  the  supposi¬ 
tion  that  most  of  those  who  have  been  thinking 
upon  the  subject  have  not  been  practically  en¬ 
gaged  in  railroading,  for  in  these  days  of  safety 
switches  no  railroad  man  would  think  of  placing 
in  the  track  a  device  that  would  annul  their  ad¬ 
vantages. 

In  various  devices,  however,  a  safety  feature  is 
introduced;  and  the  favorite  plan  seems  to  be  . 
either  to  so  construct  the  movable  bars  or  rails 
crossing  the  main  track  in  lieu  of  the  frog  that 
if  carelessly  left  in  that  position  they  will  be 
pushed  aside  by  the  first  pair  of  wheels  coming 
along  the  main  track;  or  else  to  so  arrange  a 
lever  in  the  track  behind  the  movable  rails  and 
connected  with  the  latter,  that  upon  this  lever 
being  struck  by  the  wheels  it  will  throw  the 
movable  rails  out  of  position  and  clear  the  track 
for  the  train. 

A  device  patented  by  Wm.  H.  Stowell,  of  Bal¬ 
timore,  Maryland,  August  17, 1868,  is  the  earliest 
exemplification  of  the  first  described  plan;  and 
a  patent  granted  quite  recently  to  Mr.  Seth  Cur- 
lin,  of  Covington,  Tennessee,  is  the  best  illus¬ 
tration  of  the  latter  one.  Covering  various  shades 
of  difference  in  these  two  principles  are  quite 
a  number  of  patents.  Indeed,  the  existence  of 
so  many  would  naturally  surprise  a  person,  who 
having  heard  little  or  nothing  of  the  subject  be¬ 
fore,  might  reasonably  expect  upon  entering  the 
field,  to  find  it  a  virgin  one.  The  query  at  once 
arises,  why  have  they  failed  to  gain  introduction 
or  even  a  degree  of  notoriety? 

It  is  believed  that  there  are  at  least  three  ser¬ 
ious  objections  to  these  various  forms  of  mova¬ 
ble  frogs  to  which  for  convenient  description, 
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the  general  term  of  “Kickaway  frogs”  may  be 
applied: 

First,  that  it  might  not  always  be  safe  to  trust 
to  the  rapid  aud  sure  action  of  the  safety  levers 
or  other  appliances  upon  which  the  clearance  of 
the  main  track,  aud  the  safety  of  a  train  at  high 
speed  depends,  and  that  this  might  be  particu¬ 
larly  the  case  when  snow  and  ice  had  clogged 
together  and  bound  down  the  various  parts. 

Second,  that  the  operation  of  roping  is  appar¬ 
ently  obstructed,  for  when  the  engine  coming 
up  the  main  track  “Kicks  away”  the  frog,  and  by 
the  same  action  closes  the  switch  with  which  it 
is  interlocked,  how  are  the  cars  to  go  into  the 
siding?  It  is  true  that  it  would  not  be  impossi¬ 
ble  to  overcome  this  fault  by  special  mechanism, 
but  it  would  add  to  the  complication  and  cost. 


rangement  may  only  come  into  play  upon  an* 
average  once  in  ten  years,  or  may  never  be  used 
at  all)  that  militates  against  the  absolute  fixed¬ 
ness  of  the  frog  point  for  its  daily  legitimate  use, 
is,  although  well-intentioned,  a  serious  impair¬ 
ment  of  the  efficiency  of  the  frog  substitute. 

In  this  matter  I  speak  from  experience,  hav¬ 
ing  some  time  ago  encountered  the  difficulty  of 
undue  vibration,  in  the  tlrst  experiments  tried 
on  the  Allegheny  Valley  Railroad  with  movable 
frogs;  and  it  was  not  until  this  lateral  vibration 
(even  though  in  our  case  it  was  slight)  had  been 
entirely  removed,  that  I  began  to  think  that  it 
was  possible  to  dispense  with  fixed  frogs  in  the 
main  track. 

After  diligent  inquiry  I  can  only  hear  of  two 
actual  tests  of  “Kickaway”  frogs  having  as  yet 


Fig.  (j. — Pollock  Frogless  Switch. 


Third,  (and  doubtless  the  most  important  rea¬ 
son)  it  would  appear  that  any  movable  frog  so 
arranged  and  so  loosely  held  in  position,  that  it 
can  when  necessary  be  thrust  aside  by  the  ac¬ 
tion  of  the  wheels,  must,  in  the  nature  of  firings 
lack  the  rigidity — the  undeviating  firmness  of 
position — which  it  has  been  previously  stated  is 
considered  the  pre-requisite  of  a  frog  for  the  or¬ 
dinary  purpose  of  carrying  wheels  from  one 
track  to  another.  I  consider  that  it  is  an  abso¬ 
lute  requirement  to  give  a  movable  frog  the  same 
property  of  rigidity,  when  once  thrown  into  po¬ 
sition,  that  a  fixed  frog  can  have;  and  that  any 
arrangement  designed  for  safety — (which  ar- 


been  made.  A  frogless  switch  upon  the  princi¬ 
ple  first  described,  and  covered  by  the  patents 
of  Wm.  H.  Stowell,  Darius  Pollock  and  Wallack 
&  Ilohrer  was  placed  in  use  in  the  Richmond, 
Ind.,  yard  of  the  Chicago,  St.  Louis  St  Pitts¬ 
burgh  railroad  about  a  year  or  two  ago.  I  visited 
that  point  a  short  time  ago  in  the  hope  of  seeing 
it  in  practical  operation,  but  was  disappointed, 
as  it  had  been  taken  up  and  sent  to  the  Indianapo¬ 
lis  shop  for  repairs;  but  I  met  Mr.  M.  W.  Mans¬ 
field,  engineer  of  maintenance  of  way  of  that 
division  under  whose  direction  it  had  been  put 
into  use;  aud  he  courteously  gave  me  a  great 
deal  of  information  with  regard  to  it.  It  had 
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not  been  in  nse  in  the  main  track,  but  to  con¬ 
nect  a  short  coal  siding  with  a  somewhat  longer 
warehouse  siding,  in  which  position  I  was  in¬ 
formed  that  it  had  fully  answered  the  intended 
purpose  of  dispensing  with  the  frog.  I  regretted 
to  have  not  had  the  chance  to  see  it  tested,  as 
this  would  have  either  confirmed,  or  dispelled, 
my  views  with  regard  to  the  instability  and  other 
defects  of  this  kind  of  a  frog  substitute,  under 
shifting  of  ordinarily  heavy  character. 

I  was  recently  visited  by  Mr.  Curlin,  the  in¬ 
ventor  of  the  other  device  upon  substantially 
the  same  principle  that  has  just  been  alluded  to, 
and  was  informed  by  him  that  a  siding  on  the 
Chesapeake  &  Ohio  railroad  near  Memphis,  Ten¬ 
nessee,  had  been  equipped  with  a  frogless  switch 
of  his  pattern  for  some  time  past  and  that  it  was 
giving  good  satisfaction.  In  that  latitude  it  had 
not  of  course  been  subjected  to  the  action  of 
cold  weather,  nor  had  it  received  the  severe 


trains  as  well  as  any  other  form  of  frog  substi¬ 
tute,  Mr.  Curlin  will  doubtless  meet  with  the 
measure  of  success  which  I  should  be  pleased  to 
see  fall  to  his  share. 

I  now  propose  to  speak  of  what  we  have  been 
doing  upon  the  Allegheny  Valley  Railroad,  and 
having  already  treated  the  general  subject  at 
considerable  length,  I  propose  to  be  as  brief  as 
possible  in  describing  our  own  frogless  switch. 
The  subject  came  to  my  attention  several  years 
ago,  and  after  contriving  many  forms  or  varia¬ 
tions  of  the  “Kickaway”  frog  (not  knowing  at 
that  time  that  the  ground  had  been  previously 
gone  over  so  often  by  Stowell,  Pollock,  Williams 
any  many  others)  and  after  dismissing  all  of 
these  devices  as  impracticable  for  the  reasons 
already  stated,  I  finally  decided  to  so  construct 
my  frog  substitute  that  in  the  event  of  the 
switch  being  carelessly  left  wrong  it  would  be 
possible  for  a  train  running  along  the  main  track 


>  ■  - 

Fig.  7.- -Price  Frogless  Switch. 


tests  which  he  was  informed  had  been  applied 
to  the  A.  V.  R.  R.  switches,  but  he  thought  it 
considerably  cheaper  than  mine,  and  claimed 
that  it  would  answer  all  that  was  required  of  it 
at  a  great  many  points  where  fixed  frogs  are 
now  in  use.  Mr.  Curlin’s  safety  device  is  precisely 
similar  to  the  safety  device  used  for  the  Whar¬ 
ton  switch,  but  the  rails  used  bv  him  are  of 
unique  pattern,  and  cause  doubts  to  arise  as  to 
their  durability.  Like  everything  else,  how¬ 
ever,  it  needs  to  be  thoroughly  tested,  and  if  it 
can  stand  the  impact  and  momentum  of  heavy 


at  any  speed,  high  or  low,  to  mount  over  it,  cer¬ 
tainly  with  safety  to  itself,  and  probably  with¬ 
out  serious  injury  to  the  frog.  The  latter  point 
— that  of  breakage  of  the  frog  under  such  cir¬ 
cumstances — I  cared  little  for,  if  only  there  were 
no  derailment  of  the  train;  for  it  was  not  to  be 
expected  that  such  occurrences  would  be  com¬ 
mon  on  any  decently  regulated  railroad,  and  the 
occasional  cost  of  replacing  a  frog  broken  under 
maltreatment  of  this  kind  would  be  a  small 
matter. 

The  model,  and  the  photographic  views  now 
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before  you,  will  show  the  mechanical  results  fol¬ 
lowing  this  line  of  thought.  You  will  observe 
that  the  movable  frog  substitute  is  of  peculiar 
construction,  resembling  in  appearance  an  ordi¬ 
nary  frog  with  the  inside  wing  rails  cut  off,  and 
having  at  front  and  rear  of  the  point,  sloping 
projections  arranged  to  tit  over  the  top  of  the 
rail,  when  the  switch  and  frog  are  thrown  for 
the  siding.  Motion  is  communicated  to  the  frog 
simultaneously  with  the  throw  of  the  switch,  by 
means  of  a  connecting  rod  or  rods  of  necessary 
length  having  either  a  reciprocating  or  a  rotary 
travel.  The  movable  frog  slides  on  chairs  which 
carry  the  bottom  of  the  frog  on  a  level  with  the 
top  of  the  main  rail,  which  is,  of  course,  unbro¬ 
ken  and  continuous  at  the  point  where  it  is  usu¬ 
ally  cut  for  the  admission  of  the  ordinary  frog. 
The  height  of  the  frog  point  is  about  two  inches 
above  the  top  of  the  main  rail,  and  is  on  the 
level  or  thereabouts,  of  the  end  of  the  lead  rail, 
which  is  raised  on  chairs  or  plates,  the  object  of 
this  elevation  being  of  course  to  carry  the  deep¬ 
est  wheel  flanges  over  the  top  of  the  main  rail 
without  touching  the  latter.  We  gain  a  sensible 
advantage  by  this  elevation  of  the  lead  rail  and 
frog  bar  in  an  important  respect,  viz.: — that  of 
placing  in  the  outside  of  the  curve  leading  into 
the  siding  the  amount  of  elevation  called  for  by 
the  curve,  and  which  when  there  is  a  fixed  frog 
in  the  siding,  it  is  impossible  to  give,  because 
the  frog  always  holds  you  down  rigidly  to  the 
level  of  the  main  track.  With  the  help  of  this 
elevation,  we  find  it  possible  to  enter  or  run  out 
of  a  siding  with  a  steadier  motion  than  over  any 
fixed  frog,  plainly  the  result  of  the  conformity 
with  physical  laws  which  a  frog  bar  lying  on  the 
rail  permits,  and  which  a  fixed  frog  held  in  the 
main  track  denies. 

The  sloping  projections  at  front  and  rear  of 
the  frog  point,  heretofore  referred  to,  decline 
from  the  height  of  two  inches  at  the  frog  point 
to  a  thickness  of  say  one- quarter  inch  at  their 
extremities,  thus  forming  inclined  planes  adapt¬ 
ed  to  the  guidance  of  wheel  treads  when  the 
latter  are  compelled  to  surmount  the  frog.  But 
this  is  not  the  only  use  of  these  safety  wings. 
It  is  rarely  that  they  will  come  into  use  for  the 
carriage  of  wheel  treads  over  them,  unless  it  be 
in  the  operation  of  roping  which  will  be  referred 
to  hereafter.  Their  everyday  value,  and  it  may 
therefore  be  said  their  principal  value  consists 
in  the  length  of  bearing  upon  the  main  rail 
which  they  give  to  the  movable  frog- bar,  and 
consequently  the  increased  stability  of  the  lat¬ 
ter  under  the  pressure  and  momentum  of  heavy 
trains  pulling  in  and  out  of  the  siding.  Addi¬ 
tional  rigidity  is  also  given  to  the  frog- bar  by 
the  peculiar  mechanism  by  which  motion  is 

transmitted  to  it  from  the  main  operating  rod, 

• 


which  as  before  stated  may  l>e  either  rotary  hr 
reciprocating,  but  in  either  case  is  made  to  ac. 
tuate  toggle  levels  fulcrumed  lietween  the  main 
sidiug  rail  and  the  adjacent  guard  rail,  these 
toggles  being  capable  of  exerting  the  strongest 
possible  leverage,  quick  motioned  at  first  and 
slow  and  powerful  at  the  finish,  to  drive  the  frog- 
bur  to  position,  and  hold  it  there  as  in  a  vise. 

The  first  frogless  switches  we  put  into  use  did 
not  have  the  benefit  of  this  strong  leverage,  but 
were  operated  by  ordinary  bell  crank  levers,  and 
although  the  long  safety  wings  gave  us  an  ex¬ 
cellent  longitudinal  bearing,  I  soon  found  out 
that  to  bear  the  stress  and  strain  of  all  kinds  of 
wheels  and  weights,  we  must  cure  the  tendency 
toward  excessive  lateral  vibration  which  l>ell 
crank  levers  permitted,  and  which  in  the  nature 
of  things,  would  not  lessen  with  time,  but  would 
grow  worse  as  the  wear  of  parts,  and  resulting 
lost  motion  in  them  increased.  Then  the  pres¬ 
ent  throw  by  toggle  levers  fulcrumed  in  the 
track  itself  (by  taking  advantage  of  the  juxtapo¬ 
sition  of  the  guprd  rail  and  siding  rail)  was 
adopted;  and  this  remedied  the  difficulty.  We 
now  find  that  the  movable  frog- bar,  when  once 
thrown,  is  held  to  place  as  firmly  as  the  best  an¬ 
chored  permanent  frog,  and  we  consider  that 
the  first  condition,  viz.: — stability  under  ordi¬ 
nary  use — has  been  fulfilled. 

Now  comes  the  important  question  of  safety 
under  careless  operation.  It  is  a  comparatively 
rare  thing  nowadays  to  leave  a  switch  wrong  on 
any  railroad  presenting  even  ordinary  condi¬ 
tions  of  discipline.  The  rule  is  almost  an  in¬ 
variable  one  to  hold  conductors  personally  re¬ 
sponsible  for  main  track  switches,  and  a  rigid 
enforcement  of  this  rule  secures  to  them  the 
best  attention  of  a  class  of  men  who  have  gained 
their  position  by  carefulness  and  intelligence, 
and  who  cannot  afford  to  be  negligent.  Then 
again  the  general  use  of  targets  makes  careless¬ 
ness  of  this  kind  conspicuous,  and  the  airbrake 
makes  it  possible  for  engineers  to  stop  quickly 
upon  sight  of  a  red  target.  For  all  these  rea¬ 
sons,  “running  through”  misplaced  switches  is 
getting  to  be  a  rarer  occurrence  every  year. 
Nevertheless,  it  sometimes  occurs  and  will  al¬ 
ways  be  liable  to  occur.  Like  a  revolver  in  Texas 
the  safety  provision  “may  never  be  wanted  in  a 
life  time;  but  when  it  is  wanted,  then,  stranger, 
it  is  wanted  blamed  bad." 

At  first  sight,  it  hardly  seems  reasonable  to 
claim  that  these  thin  safety  wings  can  perform 
the  function  of  carrying  the  wheels  of  a  passen¬ 
ger  train  at  high  speed,  or  of  a  heavy  freight 
train,  up  to  and  over  the  point  of  the  sui>erim- 
posed  frog-bar;  but  let  it  be  remembered  that 
they  are  shaped  to  the  top  of  the  rail,  rest 
smoothly  upon  it,  and  have  the  support  of  the 
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entire  rail  section  beneath  them.  Seeing  is  be¬ 
lieving.  I  did  not  believe  myself  until  after 
many  tests  had  been  made  that  they  would  per¬ 
form  such  efficient  service  without  breakage  or 
injury  to  themselves.  Of  one  thing  I  was  al¬ 
ways  quite  sure,  viz.:  that  with  the  usual  guard 
rail  on  one  side  of  the  main  track  opposite  the 
frog,  and  the  elevated  lead  rail  practically  con¬ 
stituting  a  guard  rail  on  the  other  side,  thus 
making  a  double  throat  for  flanges,  there  was  no 
chance  of  derailment,  even  though  the  thin 
edges  of  the  safety  wings  of  the  frog  might 
break.  Such  breakage  would  simply  uncover 
the  main  rail  beneath,  and  should  not  have  con¬ 
demned  the  frog  as  long  as  derailment  was  pre¬ 
vented. 

I  may  say,  however,  that  scores  of  tests  made 
since  last  February,  in  which  the  frog- bar,  pur¬ 
posely  left  misplaced  upon  the  track  has  been 
passed  over  by  engines  at  forty  miles  per  hour, 
and  by  freight  trains  of  forty-five  cars  at  fifteen 
miles  per  hour,  have  failed  as  yet  to  cause  break¬ 
age  and  that  no  more  than  an  ordinary  amount 
of  wear  has  been  apparent  under  this  persistent 
maltreatment. 

Noav  as  to  third  condition:  It  will  be  obvious 
how  roping  can  be  performed.  After  the  engine 
clears  the  switch  and  the  rope  is  fastened  on, 
the  switch  is  turned  between  the  engine  and  car 
and  by  the  same  motion  the  frog -bar  is,  of 
course,  thrown  upon  the  main  .track  in  front  of 
the  engine,  which  finds  no  difficulty,  liowrever, 
in  surmounting  the  obstruction  by  means  of  the 
safety  wings,  while  the  car  or  cars,  guided  by 
the  switch  and  pulled  by  the  rope,  enter  the  sid¬ 
ing  through  the  throat  of  the  frog. 

The  fourth  consideration — that  of  expense — 
may  be  disposed  of  by  the  statement  that  the 
first  cost  of  our  movable  frog  is  wfithin  the  pre¬ 
scribed  limits.  If  we  consider  for  a  moment  the 
question  of  durability,  it  will  be  seen  that  the 
wrear  upon  the  movable  frog  must  be  so  infinite¬ 
ly  less  than  upon  a  fixed  frog  that  its  duration  of 
life  as  compared  writli  the  life  of  the  latter,  can 
only  be  roughly  approximated.  I  will  not  at¬ 
tempt  to  say  at  present  how  much  longer  the 
average  life  of  a  movable  frog  is  likely  to  be.  It 
sometimes  seems  to  me,  liow'ever,  that  it  will  be 
more  likely  to  rust  out  than  to  wTear  out.  An¬ 


other  point  that  commends  it  to  the  transporta¬ 
tion  department  is  that  in  the  event  of  a  break¬ 
age  of  the  frog  bar  or  of  its  deterioration  through 
wear,  the  main  track  would  not  be  affected  there¬ 
by.  It  would  not  be  necessary  to  send  for  sec¬ 
tion  men  or  to  flag  and  hold  trains  while  the 
broken  frog  was  being  replaced.  The  worst  that 
could  result,  would  be  the  temporary  non-use  of 
the  siding.  It  may  be  presumed  that  upon  a 
general  introduction  of  frogless  switches,  each 
track  section  would  be  supplied  with  one  or 
more  extra  frog  bars,  so  that  in  the  event  of  one 
giving  out,  it  could  be  quickly  replaced  from 
the  nearest  tool  house,  using  a  hand  car  for  mov¬ 
ing  it  to  the  desired  point  of  use,  and  that  even 
the  interruption  in  the  use  of  the  siding  would 
be  a  matter  of  a  few  hours  only. 

We  have  two  frogless  switches  in  use  in  our 
43d  street  yard,  Pittsburgh,  and  are  about  to 
place  another  in  position  in  that  yard;  there  is 
one  at  Verona  and  another  about  to  go  in  at  that 
point;  and  there  is  one  in  at  DuBois  on  low  grade 
division.  They  have  given  satisfactory  service. 
All  of  the  above  switches  are  point  switches  of 
the  Lorenz  pattern  except  that  one  at  Verona  at 
which  we  are  about  to  make  a  change,  which  is 
a  Wharton  swfitcli.  The  peculiar  construction  of 
the  Wharton  switch  requires  some  changes  in 
the  connecting  rods  and  safety  appliances  which 
I  will  not  now  stop  to  describe,  but  the  safety 
wdngs  and  the  toggle  leverage  of  the  movable 
frog  which  wre  have  heard  described,  wrill  not 
be  departed  from. 

In  conclusion,  I  beg  to  say  that  it  is  not  pre¬ 
sumptuously  supposed  that  our  frogless  switch 
has  all  the  excellences  and  none  of  the  deficien¬ 
cies,  or  that  a  frogless  switch  upon  any  other 
principle  might  not  meet  the  approval  of  its 
users.  While  not  an  untrodden  field,  it  is  a  new' 
and  large  one;  and  doubtless  the  inventive  tal¬ 
ent  of  the  country  will  make  it  fruitful  in  large 
measure  ere  long.  I  am  happy  to  have  had  the 
opportunity  of  directing  the  attention  of  our 
society  to  the  w'ork  that  has  already  been  done 
in  this  direction,  and  to  the  room  for  further 
effort  that  remains  to  the  end  that  the  fixed  frog 
twin  relic,  with  the  stub  switch  of  a  former  era 
of  mechanical  barbarism  may  be  swrept  from  the 
main  track. 


DISCUSSION. 


Mr.  Davison: — I  would  like  to  ask  Mr.  Price, 
of  wrhat  material  this  frog  is  manufactured. 

Mr.  Price: — My  first  intention  wras  to  con¬ 
struct  it  of  steel  rails,  but  I  commenced  to  use  a 
steel  casting,  and  have  been  so  well  satisfied 
with  its  use  so  far  that  I  have  not  as  yet  made 


any  change  in  that  direction.  However,  I  do 
not  really  expect  that  I  have  reached  a  perma¬ 
nent  shape  yet. 

Mr.  Kodd: — I  have  been  very  much  interested 
in  this  paper,  as  have  all  our  members,  for  it  is 
certainty  one  of  the  best  papers  on  maintenance 
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of  way  I  have  ever  heard  read  on  the  subject. 
And  the  subject  is  one  of  so  much  importance 
that  I  hope  there  will  be  a  discussion.  I  do  not 
know  that  there  are  a  great  many  railroad  men 
present,  but  I  think  a  good  many  of  them  could 
say  something  about  it — their  experience  with 
frogs  and  switches  in  general. 

There  is  no  doubt  that  a  great  many  accidents, 
and  very  serious  accidents,  have  occurred  from 
the  simple  fact  of  the  frogs  along  a  track  being 
in  bad  order,  and  if  any  device  of  this  kind  will, 
in  any  measure,  remedy  that,  it  will  be  appreci¬ 
ated  and  be  successful.  It  will  be  one  of  the 
best  things  that  was  ever  introduced  on  a  rail¬ 
road  in  a  track. 

I  would  like  to  ask  Mr.  Price  how  long  these 
frogs  have  been  in  use  on  the  Allegheny  Valley 
railroad? 

Mr.  Price: — We  put  the  first  one  in  use  last 
February.  I  think  the  next  one  was  put  in  in 
April. 

Mr.  Rodd: — I  was  also  going  to  ask  the  ap¬ 
proximate  cost. 

Mr.  Price: — I  could  hardly  arrive  at  an  aver- 
erage  as  yet.  The  cost,  however,  has  been 
steadily  decreasing.  The  first  one  cost  about 
$100,  the  next  one  $00,  and  the  next  $80.  That 
cost  includes  not  only  the  frog  bar  itself  but  the 
connections  to  the  switch. 

Mr.  Rodd: — In  that  frog  I  presume  that  that 
point  moves  on  the  rail,  the  same  as  iron  slide 
bars.  Now,  in  case  of  a  frog  on  the  main  track, 
it  is  necessary  to  keep  that  main  track  rail  in 
good  shape,  as  a  part  of  the  frog.  You  would 
not  let  that  main  track  rail  wear  down  until  it 
would  not  give  a  bearing? 

•  Mr.  Price: — I  should  not  like  to,  but  that 
could  be  remedied  by  adzing  the  ties  at  the 
points  where  the  chairs  rest  upon  them,  approxi¬ 
mating  to  the  wear  of  the  main  track.  That  is  a 
device  which  might  be  adopted. 

Mr.  Rodd: — It  should  be  given  a  very  full  and 
clear  trial.  I  would  be  very  glad  to  see  it  suc¬ 
cessful. 

A  Member: — You  could  not  adz  these  down 
with  the  present  construction.  The  slides  rest 
immediately  on  the  bottom  flange. 

Mr.  Price: — No,  sir,  the  slides  rest  on  the  ties. 
I  believe  the  chairs  in  this  photograph  (exhibit¬ 
ing  a  photograph)  consist  simply  of  short  pieces 
of  steel  rails,  which  were  adopted  because  they 
gave  exactly  the  right  height. 

Mr.  Roberts: — From  the  reluctance  of  the 
members  to  speak  on  this  subject  I  think  that 
they  can  not  find  any  fault  with  it.  I  think  the 
paper  was  so  admirably  written — it  seems  to 
cover  the  history — and  in  fact  we  are  all  proba¬ 
bly  better  informed  about  the  subject  than  we 
ever  knew  before,  that  I  have  beeu  sitting  here 


trying  to  think  of  some  defect  in  the  principle* 
It  may  be  possible  yet  that  some  improvement 
will  be  made,  as  Mr.  l’rice  suggests,  in  further 
practice.  It  is  certainly  a  very  admirable  thing. 
I  am  astonished  it  has  beeu  so  long  in  use — since 
last  February — and  not  more  made.  I  think 
some  of  our  Pittsburgh  companies  here,  offi¬ 
cials,  should  look  into  this.  I  certainly  should 
recommend  them  to  do  so. 

Mr.  Brown: — I  presume  a  great  deal  of  the 
apathy  results  from  having  the  standard  frogs 
and  switches.  I  had  an  idea  of  tin*  same  kind, 
but  I  think  it  should  be  classed  with  some  of  the 
others  you  have  just  cited — it  was  of  no  account. 

Mr.  Price: — One  might  suppose  that  the  se¬ 
vere  weather  of  last  winter  would  have  had  a 
great  effect  on  this  subject.  There  were  so 
many  broken  frogs  on  all  the  railroads  around 
here  last  winter  that  it  is  a  little  surprising  that 
some  attempts  have  not  been  made  to  regulate 
and  improve  the  matter. 

Of  course  last  winter  was  an  exceptionally 
severe  one.  The  frost  was  severer  and  I  think 
more  continuous  than  during  any  winter  within 
my  recollection  at  this  moment.  All  kinds  of 
metal  seemed  full  of  it.  We  had  to  watch  our 
tires  very  closely  and  to  shop  engines  promptly 
for  the  least  hollowmess.  I  am  told  that  others’ 
experience  was  the  same  as  ours.  In  fact  some 
tell  us  we  escaped  well.  We  had  more  broken 
frogs  last  winter  than  ever  before.  Now,  if  frogs 
could  be  taken  out  of  the  main  track  altogether 
I  know  that  engineers  would  go  over  the  road 
with  a  great  deal  more  confidence  of  getting 
over  the  road  and  not  into  the  ditch. 

Mr.  Rodd:— I  believe  that  a  frog  to  the  mile 
on  the  average  on  a  pretty  busy  railroad  is  about 
the  proper  number.  It  certainly  would  be  an 
enormous  saving  for  the  railroads  to  use  some¬ 
thing  like  this  and  do  away  with  frogs.  Sup¬ 
posing  you  put  the  frog  in  at  the  low  price  of 
$25.  I  do  not  believe  a  frog,  an  ordinary  stiff 
frog,  w'ould  last  more  than  a  year  and  a  half.  On 
a  very  busy  railroad,  with  a  great  many  trains 
per  day,  they  possibly  would  not  last  much  over 
a  year  on  the  average.  Sometimes,  I  know,  that 
they  have  been  taken  out  in  not  over  three 
months  after  being  put  in  the  track.  You  can 
see  the  enormous  amount,  at  $25  per  mile,  on  a 
long  railroad,  it  would  cost  per  year.  It  would 
be  a  big  item  in  the  way  of  expense. 

Mr.  Brown: — How  much  does  the  ordinary 
spring  frog  cost? 

Mr.  Rodd: — I  think  $31.  Very  chimp  com¬ 
pared  with  what  they  were. 

Mr.  Price: — They  are  much  cheaper  now  than 
ever  before. 

Mr.  Roi»d:— A  great  many  accidents  have  hap¬ 
pened  with  spring  frogs.  They  aid  the  passage 
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of  the  rail  over  the  track  but  at  the  same  time 
many  serious  accidents  have  occurred  with 
them. 

Mr.  Brown: — I  am  satisfied,  so  far  as  my  judg¬ 
ment  goes,  that  this  is  a  very  superior  frog  to 
the  spring  frog.  The  spring  is  liable  to  break 
and  throw  the  frog  out.  The  rail  end  is  thrown 
out  of  gauge,  and  then  there  is  liability  of  some 
of  the  wheels  dropping  in  between  the  two 
rails. 

Mr.  Rodd: — A  spring  frog  endures  an  enor¬ 
mous  amount  of  shaking  (shock)  from  trains 
running  out  of  the  siding.  Every  wheel  strikes 
the  end  and  gives  it  a  jar,  and  most  spring  frogs 
are  made  in  a  way  not  to  give  them  a  good  re¬ 
sistance. 

Trains  run  out  of  a  siding  very  fast,  as  much 
as  15  to  20  miles  per  hour,  and  every  wheel 
strikes  the  end  of  the  movable  rail  very  hard, 
and  if  it  is  not  shaped  with  a  very  easy  curve 
so  as  to  let  the  flange  of  the  wheel  strike  it 
gently,  it  gives  it  a  tremendous  shock,  and 
frequently  puts  it  in  that  condition  it  is  ready 
to  drop  out  of  place,  from  the  movement  of 
the  wheels  along  the  main  track.  Then  a  train 
comes  along  the  main  track,  moving  with  much 
higher  rate  of  speed,  and  in  that  way  there  is 
trouble. 

Mr.  Brown: — Also,  in  passing  out  of  the  sid¬ 
ing,  there  is  a  tendency  to  loosen  the  wheels. 

Mr.  Rodd: — It  is  hard  on  the  wheels  too,  and 
on  the  axles  also. 

Mr.  Roberts: — I  think,  Mr.  President,  the 
chief  merit  of  that  model  is  the  safety  to  travel 
on  trains  at  high  rate  of  speed,  no  danger  from 
broken  rails.  Then  it  is  not  at  all  complicated. 
Its  simplicity  is  also  a  high  recommendation. 

By  a  Member: — Does  it  take  great  power  to 
throw  that  lever? 

Mr.  Price: — No,  sir.  I  expected  when  we  put 
the  first  one  in  use  it  might  require  some  addi¬ 
tional  power  to  work  it,  but  on  the  contrary  I 
found  it  was  rather  easier  than  a  stub  switch 
lever  and  fully  as  easy  as  the  Wharton  switch 
lever. 

Once  you  get  the  lever  straight  it  almost  turns 
itself.  The  stub  switch  lever  is  a  direct  measure 
of  main  strength,  and  while  the  weight  to  be 
moved  is  not  very  great,  yet  the  strength  seems 
to  be  used  in  the  worst  possible  way  for 
economy. 


Now,  I  found,  when  w'e  had  our  switch  and 
frog  coupled  up  and  properly  oiled,  that  the 
throw  was  really  quite  light.  We  had  to  get  it 
over  the  center,  you  know,  like  the  Wharton 
switch,  and  once  that  was  done  it  threw  itself. 

I  am  free  to  say  I  was  wrong  in  one  important 
respect  and  that  was  in  selecting  the  reciprocat¬ 
ing  motion  for  the  throw  instead  of  the  rotary. 
One  reason  why  I  did  not  do  that  was  because  I 
was  afraid  a  rod  of  the  length  required,  unless 
made  quite  heavy,  would  have  a  great  deal  of 
torsional  strain,  and  if  made  so  heavy  as  to  avoid 
this  it  would  be  too  heavy.  I  believe  now  I  was 
wrong,  and  from  all  I  hear  and  am  told  by  those 
who  are  conversant  with  the  subject  of  heavy 
and  long  rods,  I  believe  that  it  will  throw  easier 
than  the  present  one. 

Mr.  Rodd:— How  sharp  is  the  frog — how  small 
the  angle? 

Mr.  Price: — We  have  one  No.  7.  All  the  rest 
are  No.  9. 

Mr.  Davison: — Mr.  Brown’s  experience  is  my 
own,  with  frogs  and  switches.  It  commenced 
about  the  same  time  I  believe.  Since  that  time 
I  have  continued  to  have  a  little  experience  with 
them. 

And  like  Mr.  Brown  I  do  not  see  anything  par¬ 
ticularly  that  I  can  criticise  in  this  frog.  In 
fact,  like  the  rest,  I  can  see  a  great  deal  of  merit 
in  it.  Mr.  Price  mentions  that  the  frogs  made 
recently  are  No.  9  frogs.  Within  the  last  two 
years,  with  some  ordinary  spring  rail-frogs,  No. 
9,  I  have  had  a  little  experience  in  having  the 
wheel  tire  of  engine  wheels  cut  the  No.  9  frogs 
open  and  allow  the  wheels  to  drop  in  beside  the 
track  causing  several  light  wrecks  and,  of  course 
naturally  enough,  considerable  expense. 

This  frog  of  Mr.  Price’s  of  course  does  away 
entirely  with  the  spring  rail  frog,  and  using  the 
same  number  of  frogs  which  has  been  so  disas¬ 
trous  with  us  several  times,  it  would  probably 
have  been  better  for  us  if  we  had  had  it,  or  some 
such  device  as  this. 

I  should  say,  in  this  connection,  that  the  en¬ 
gines  were  not  our  own  engines.  They  were 
engines  from  a  foreign  road  and  consequently 
we  were  not  as  much  at  fault  as  would  appear. 
We  shopped  them  for  repairs  several  times  to 
their  owners  but,  as  is  generally  the  case,  the 
owners  did  not  care  as  much  for  the  repairs  as 
the  parties  using  them. 
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WROUGHT  IRON. 

In  general. — 

1.  All  wrought  iron  must  be  tough,  fibrous  and 
uniform  in  character,  neutral  in  quality,  and 
completely  welded  in  rolling,  and  must  have  a 
workmanlike  finish.  It  must  be  free  from  in¬ 
jurious  seams,  especially  such  as  run  across  the 
fibre,  and  must  have  no  blisters,  buckles,  cinder 
spots,  rough  or  imperfect  edges,  or  deep  creases 
from  tool  or  roll -guide  marks. 

2.  The  finished  iron  must  be  straight  and  out 
of  wind,  and  must  not  have  over  two  and  one 
half  per  cent,  of  variation  between  the  actual  and 
the  estimated  weights. 

3.  All  wrought  iron  when  nicked  and  broken 
or  when  pulled  apart  in  testing  machines  must 
show  a  clean  fibrous  structure,  except  in  the 
case  of  the  webs  of  shape  iron  which  may  be 
allowed  to  exhibit  not  over  30  per  cent,  crystal¬ 
line  in  the  fracture. 

4.  The  finished  iron  must  show  no  surface 
evidence  of  butt  welds,  and,  in  the  case  of  wide 
bars,  must  have  the  top  and  bottom  covers  in 
the  piles  from  which  the  iron  is  rolled,  and,  in 
the  case  of  bars  of  over  an  inch  thickness,  one 
other  bar  in  the  center  of  the  pile  to  extend  over 
the  entire  width  and  length  of  the  pile.  Wher¬ 
ever  bars  of  less  width  than  the  entire  pile  are 
used,  the  joints  shall  be  well  broken  in  the  piling. 
Material  cut  too  close  to  the  crop  ends  will  not 
be  accepted. 

5.  All  wrought  iron  shall  be  made  from  muck 
bar  or  double  rolled  iron  piling  pieces,  which 
shall  each  be  the  full  length  of  the  pile  (except 
in  the  case  of  piles  to  be  rolled  into  wide  plates 
in  an  ordinary  plate  mill,  where  a  few’  alternate 
layers  of  muck  bar  may,  and  preferably,  had  best 
be  laid  crossways  in  the  pile),  the  bars  in  such 
cases  extending  completely  across  the  pile,  and 
shall  be  rolled  directly  from  a  bloom  made  by 
the  puddling  process,  unless  especially  agreed 
upon  to  the  contrary  in  each  particular  item. 

G.  Wherever  all  single  rolled  iron  or  iron  made 
from  piling  scrap  or  from  re  rolling  old  rails  is 


to  be  used,  such  items  in  wdiich  it  will  be  per¬ 
missible  shall  be  individual^’  specified  in  the 
contract  and  in  the  directions  to  the  inspector. 

7.  There  shall  be  a  reduction  in  the  area  of 
cross  section  between  the  pile  and  the  finished 
shape,  such  that  the  shape  shall  be  no  more  than 
ten  per  cent,  for  bar  iron,  ten  per  cent,  for  angle 
iron,  twenty  per  cent,  for  beam  iron,  and  fifteen 
per  cent,  for  channel  iron  of  the  original  cross 
section  of  the  pile,  and  plate  iron  shall  have  a 
reduction  in  thickness  between  pile  and  finished 
plate,  such  that  the  plate  shall  have  not  over 
fifteen  per  cent,  of  the  original  thickness  of  the 
pile. 

8.  Material  to  be  tested  shall  be  of  full  sized 
section  wherever  practicable,  and  shall  be  in 
bars  or  strips  of  at  least  0.50  square  inch  in  sec¬ 
tional  area,  and  w  here  possible  should  be  at  least 
eighteen  inches  long,  and  should  be  prick 
punched  lightly  in  such  specimens  from  end  to 
end  into  one  inch  divisions  on  the  surface,  or, 
preferably,  on  the  edge  of  fiat  specimens,  for  the 
purpose  of  determining  the  elongation  and 
locating  the  place  of  rupture  or  other  defect  in 
specimen.  For  such  purpose  the  number  of 
inches  shall  commence  at  the  top  or  forward  end 
as  the  specimen  is  placed  in  the  testing  machine. 

9.  A  duplicate  specimen  of  each  bar  or  strip  to 
be  tested  in  the  testing  machine,  except  in  the 
case  of  full  sized  bars  or  members,  shall  be  bent 
cold  until  it  commences  to  rupture,  or  through 
an  angle  of  180°  around  a  cylinder  having  a 
diameter  specified  in  each  kind  of  iron  or  until 
the  sides  are  in  contact.  The  bending  must 
stop  at  the  first  fracture.  The  bending  may  l»e 
done  in  n  press  or  by  means  of  levers  or  other 
machines  or  by  blows  of  a  hammer;  however,  in 
the  latter  case  the  hammer  blows  must  strike 
upon  the  outer  ends  of  the  specimens,  and  not 
at  all  upon  the  material  undergoing  flexure. 

10.  Test  specimens  shall  iu  uo  case  be  annealed, 
heated,  hammered,  forged,  or  otherwise  treated, 
except  where  specified  in  the  contract;  but  shall 
fairly  represent  the  quality  of  the  material  to  be 
tested. 
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Tensile  Tests. 

Cold  Bending  Tests. 

IND  OF  MATERIAL 

Jl 

>•  o  | 
O.ti  3 

-.H-. 

^  O" 

a  § « 1 

Ultimate 
strength  per 
sq. inch. 

Elongation 

in  8  inches. 

Reduction 

per  cent,  at 

fracture 

Angle  of 

bend. 

• 

Diameter  of  Cylinder  around  which  the 
specimen  is  bent. 

Bar  Iron. 

Round  bars  up  to  llA  in.  diameter.. 

•26,000 

50,000 

Formula. 

18 

25 

180° 

Upon  itself  until  sides  come  in  contact. 

Round  bars  up  to  2%  in.  diameter. . 

25,000 

Formula. 

Formula. 

160° 

One  diameter  of  bar. 

Square  bars  of  less  than  4  sec.  area. 

26,000 

50,000 

16 

25 

180° 

Diameter  equal  to  the  side  of  bar. 

Flat  bars  of  less  than  4  sec.  area. . . 

26,000 

50,000 

.  16 

25 

180° 

Diameter  equal  to  2  times  the  thickness. 

Bars  of  more  than  4  sec.  area . 

25,000 

Formula. 

Formula. 

Formula. 

140° 

Two  diameters  of  bar. 

Channels  and  Beams. 

Test  from  web . 

25,000 

47,000 

14 

20 

140° 

Diameter  equal  to  thickness  of  specimen 

Test  from  flange . 

26,000 

50,000 

16 

25 

160° 

Diameter  equal  to  thickness  of  specimen' 

Angle  iron . 

25,000 

49,000 

15 

22 

140° 

Diameter  equal  to  thickness  of  specimen. 

Other  shape  iron. . 

25,000 

48,000 

14 

18 

120° 

Diameter  equal  to  thickness  of  specimen. 

Plate  Iron. 

Test  to  be  taken  with  the  fibre. 

Under  18  inches  wide . 

25, 000 

49,000 

14 

20 

160° 

Diameter  twice  thickness. 

18  to  36  inches  wide . 

24,000 

48, 000 

12 

16 

100° 

Diameter  twice  thickness. 

36  to  54  inches  wide . 

23,000 

47, 000 

11 

12 

90° 

Diameter  twice  thickness. 

Over  54  inches  wide . 

23,000 

45,000 

9 

12 

90° 

Diameter  twice  thickness. 

11.  Wherever  full  sized  bars  or  members  are 
tested  the  material  shall  be  allowed  a  reduction 
of  1,000  pounds  in  ultimate  strength,  and  of  two 
per  cent,  in  reduction  of  area  for  each  additional 
inch  of  sectional  area  over  four  square  inches. 
Such  bars  shall  have  an  elongation  of  twelve 
per  cent,  in  their  whole  length  where  the  sec¬ 
tional  area  is  under  four  square  inches,  and  of 
nine  per  cent,  where  the  sectional  area  is  over 
four  square  inches. 

12.  The  testing  machine  used  by  the  contractor 
shall  be  compared  wfitli  the  Olsen  Testing  Ma¬ 
chine  of  the  Pittsburgh  Testing  Laboratory,  and 
if  the  results  vary  the  contractor’s  machine  shall 
be  corrected  until  the  tests  show  that  the  ma¬ 
chines  accord.  If  this  is  impossible,  then  the 
difference  shall  be  eqnated  and  added  to  or 
subtracted  from  the  results  obtained  from  the 
machine  used  by  the  contractor. 

13.  Complete  facilities  for  inspection  of  mate¬ 
rial  and  workmanship  must  be  given  by  the  con¬ 
tractor.  Facilities  and  specimens  for  testing  and 
the  necessary  labor  shall  be  furnished  by  him 
without  charge  when  called  for  by  the  engineer 
or  inspector. 

When  any  full  sized  manufactured  iron  or  steel 
members  are  tested  to  destruction  and  proved  to 
be  up  to  the  standard  required,  such  material 
shall  be  paid  for  at  the  same  rate  per  pound  as 
the  contract  price.  Should  such  members  fail 
to  reach  the  standard,  they  will  not  be  paid  for, 
and  the  inspector  may  reject  all  similar  members 
made  of  the  same  material. 

14.  The  acceptance  of  any  materials  or  manu¬ 
factured  members  by  the  inspector  shall  not  pre¬ 
vent  their  subsequent  rejection,  if  found  defec¬ 
tive  after  delivery,  and  any  such  materials  or 


members  shall  be  replaced  by  and  at  the  expense 
of  the  contractor. 

TENSION  IEON. 

1.  All  material  subject  to  both  or  alternate  com¬ 
pression,  and  tension  stress  shall  be  considered 
as  tension  iron  in  the  requirements  of  these  spe¬ 
cifications. 

2.  All  iron  used  in  tension  must  come  up  to  the 
requirements  expressed  in  the  table  given 
above. 

COMPRESSION  IRON. 

1.  All  iron  used  in  compression  must  have  an 
elastic  limit  of  at  least  25,000  pounds,  and  a  ten¬ 
sile  strength  of  at  least  48,000  pounds,  except  in 
the  case  of  webs  of  beams  and  channels  and  wide 
plates,  which  shall  conform  to  the  requirements 
of  such  webs  and  wide  plates  for  tension  iron. 

2.  All  iron  used  in  compression  may  be  allowed 
a  reduction  of  twenty- five  per  cent,  in  the  elon¬ 
gation  and  reduction  of  area  of  similar  material 
for  tension. 

Cold  bending  specimens  must  bend  through 
an  angle  of  at  least  90°  without  sign  of  rupture. 

RIVET  IRON. 

Eivet  iron  shall  be  subject  to  the  same  require¬ 
ments  as  tension  iron  of  the  same  section,  and 
shall  further  be  capable  without  cracking  or  se¬ 
rious  abrasion  of  being  heated  to  a  good  forging 
heat  and  made  up  either  by  machine  or  hand 
work  into  rivets,  and  of  again  being  heated  to  a 
good  red  heat  and  forged  as  in  riveting  and 
allowed  to  cool,  and  upon  being  nicked  and  cut 
out  of  the  work  it  was  in,  it  must  show  a  good 
tough,  fibrous  structure  without  any  crystalline 
appearance.  Rivet  iron  shall  especially  be  re- 
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quired  to  be  neutral  in  character  and  tough  in 
fibre  after  being  riveted ,  and  to  flow  well  in 
riveting. 

CAST  IKON. 

All  cast  iron  used  in  compression  must  be  of 
best  quality — tough  gray  iron — and  must  be  able, 
in  bars  of  one  inch  square  and  five  feet  length, 
and  when  supported  by  knife  edges  four  feet  six 
inches  apart,  to  carry  a  load  of  500  pounds  with¬ 
out  rupture,  and  without  a  deflection  of  more 
than  two  iuclies. 

STEEL. 

In  general. — 

1.  The  methods  of  manufacture  of  the  steel 
whether  by  the  Bessemer,  Open  Hearth,  or  Cru¬ 
cible  Processes,  shall  be  distinctly  specified  in 
the  contract  for  each  item  of  material. 

2.  Each  ingot  designed  to  be  used  in  the  con¬ 
tract  shall  be  plainly  marked  with  the  blow  or 
charge  number  in  the  case  of  Bessemer  or  Open 
Hearth  steel,  and  a  portion  or  the  whole  of  one 
full  sized  ingot  of  each  blow  or  heat  shall  be 
rolled  into  the  shape  or  bar  or  plate  material  to 
be  tested,  and  if  it  proves  unsatisfactory  in  its 
tests,  the  whole  blow  or  heat  is  to  be  rejected. 

3.  If  drillings  of  the  steel  which  were  taken 
from  any  portion  of  the  finished  material  do  not 
satisfactorily  answer  the  chemical  requirements, 
the  steel  of  the  whole  charge  or  blow  is  to  be  re¬ 
jected,  unless  it  shall  be  proven  that  the  defect 
was  caused  by  the  particular  ingot  or  bloom 
having  been  “burned”  in  heating. 

4.  No  steel  shall  be  struck  with  a  hammer  or 
worked  while  at  a  black  heat. 

5.  The  requirements  and  general  directions  for 
size  and  preparation  of  test  pieces  of  steel  shall 
be  the  same  as  that  of  iron  described  before. 

TENSION  STEEL. 

The  contractor  is  to  fill  in  the  analysis  per¬ 
centage  in  the  ensuing  text  both  for  tension  and 
compression  steel  in  the  bid,  and  shall  have 
made,  any  reasonable  number  of  analyses  of  the 
material  that  may  be  required. 

Steel  for  eye- bars  and  other  tension  members, 
and  for  rivets  shall  cont.aiu  not  less  than  fl.x<M) 
per  cent,  carbon  nor  more  than  0.loo  percent, 
carbon,  nor  more  than  0.1(M(  per  cent,  phosphor¬ 
ous,  nor  more  than  O.lf)0  per  cent,  sulphur, 
nor  more  than  ().ioo  per  cent,  manganese,  nor 
more  than  0.1()O  per  cent,  silicon. 

Test  specimens  shall  bend  through  an  angle 
of  180°,  and  bend  down  upon  themselves  without 
showing  a  crack  or  flaw,  and  similar  bars  shall 
have  an  ultimate  strength  of  not  less  than  70,000 
pounds  per  square  inch,  an  elastic  limit  of  not 
less  that  38,000  pounds  per  square  inch.  It  shall 
elongate  at  least  eighteen  per  cent,  in  eight 
inches,  and  show  a  reduction  of  area  of  at  least 
thirty -eight  per  cent. 


Test  pieces  shall  be  of  at  least  one  half  inch 
sectional  area,  und  cut  lengthwise  from  finished 
bars  or  shapes,  or  either  crosswise  or  lengthwise 
from  plates  of  steel  used  for  tension. 

All  steel  eye  bars  must  be  annealed  hi  a  pro¬ 
perly  constructed  furnace. 

COMPRESSION  STEEL,  BOLSTERS,  BEARIN'*  PLATES,  PINS 

AND  UOLLKUH. 

This  grade  of  steel  shall  contain  not  less  than 
0.  roo  l,er  went,  carbon  nor  moro  than  0. ,  0A  per 
cent,  carbon,  and  shall  contain  less  than  0.|AA 
per  cent,  phosphorous,  per  cent,  sulphur, 

and  less  than  0. 1AA  per  ceut.  manganese, and  less 
than  0. , per  cent,  silicon.  Test  bars  of  not 
less  than  one  half  inch  sectional  area  shall  bend 
180°  around  their  own  diameters  without  fracture 
or  sign  of  crack  or  flaw,  and  shall  have  an  elastic 
limit  of  not  less  than  45,000  pounds  per  square 
inch,  and  an  ultimate  strength  of  not  less  than 
80,000  pounds  per  square  inch.  It  shall  elongate 
fifteen  per  cent,  in  eight  inches,  and  have  a  re¬ 
duction  of  area  of  at  least,  thirty  per  cent. 

RIVET  STEEL 

All  rivets  in  bridge  structures  shall  preferable 
be  of  good  quality  soft  pure  steel.  All  rivet  steel 
shall  be  subject  to  the  same  requirements  as 
tension  steel  of  the  same  section,  and  shall  fur¬ 
ther  be  capable  without  cracking  or  serious 
abrasion  of  being  heated  to  a  good  forging  heat 
and  made  up  either  by  machine  or  hand  work 
into  rivets,  and  of  again  being  heated  to  a  good 
red  heat  and  forged  or  pressed  as  in  riveting  and 
allowed  to  cool,  and  upon  being  nicked  and  cut 
out  of  the  work  it  is  in,  must  show  a  good,  tough, 
fibrous  structure  with  no  crystalline  appearauce. 
ltivet  steel  shall  especially  be  required  to  be 
neutral  in  character,  and  pure  in  composition, 
tough  and  fibrous  after  riveting,  and  must  flow 
well  in  riveting. 

ltivet  steel  should  not  have  over  0.  ^  percent, 
carbon,  and  must  not  have  an  ultimate  strength 
of  over  60,000  pounds  per  square  inch,  and  must 
have  au  elongation  of  at  least  twenty -five  per 
cent,  in  eight  inches. 

DISCUSSION 

Mb.  Roberts— I  would  like  to  ask  Mr.  Hunt  in 
the  bending  test  for  angle  iron,  how  In*  prepares 
his  examples. 

Mb.  Hunt — The  test  specimens  are  cut  or 
planed  out,  usually,  from  the  angle,  or  whatever 
shape  iron  they  are  cut  out  of,  the  thickness  of 
the  angle  and  about  1$"  to  2”  in  width. 

Mr.  Metcalf— I  have  read  the  record  of  a 
great  many  tests  made  on  both  iron  and  steel  at 
what  is  called  a  black  heat;  a  record  of  a  great 
many  tests  made  in  both  England  and  France 
some  years  ago  and  these  show,  without  excep- 
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tion  that  iron  worked  at  black  heat  failed,  but 
every  now  and  then,  steel  worked  at  black  heat 
worked  very  well. 

I  would  like  to  ask  the  gentleman  why  it  is 
that  he  specifies  this  for  iron  and  will  not  allow 
it  on  steel,  which  will  stand  it  better  than  iron. 

Another  question;  he  makes  his  specifications 
for  bends  in  iron,  a  compact  fibrous  material, 
which  ought  to  bend  well,  and  generally  does, 
and  says  nothing  about  bending  it  back  again, 
but  when  he  gets  to  the  specifications  for  steel, 
which  is  comparatively  crystalline,  and  very 
few  specimens  will  bend  back  again,  he  requires 
it  shall  bend  back  again,  which  is  a  more  severe 
test  on  steel  than  on  iron.  I  do  not  understand 
the  object  of  these  distinctions.  Then  he  makes 
a  chemical  specification  of  which  I  shall  not 
speak  now,  excepting  that  the  element  of  silicon 
is  disregarded  altogether,  and  it  is  a  very  impor¬ 
tant  one. 

Mr.  Hunt — I  have  had  a  good  many  conun¬ 
drums  put  at  me  all  at  once.  As  to  Colonel 
Roberts  I  have  answered  that  in  bending  tests 
we  have  to  cut  out  specimens  1£"  and  2"  in  width 
which  are  bent  around  until  they  come  double. 
They  are  all  hammered-  around  in  a  cylinder 
which  shall  be  at  least  in  the  case  of  angles 
three  times  the  thickness  of  the  angle. 

Mr.  Metcalf  mentions  the  requirement  that  the 
steel  shall  be  bent  back  upon  itself.  I  mean  by 
that  that  the  specimen  shall  be  bent  over  double 
so  that  the  two  surfaces  meet,  which  we  do  not 
require  in  iron.  We  do  require  it  for  steel, 
as  with  its  crystalline  character  it  is  a  severer 
test  for  ductility  than  that  required  for  the  iron. 
We  use  the  steel,  which  costs  more  money,  be¬ 
cause  it  has  a  greater  ductility  and  we  demand 
greater  tests.  We  do  not  require  it  shall  be  bent 
down  and  then  back  again. 

Mr.  Metcalf — Perhaps  I  did  not  hear  straight. 

Mr.  Hunt — Perhaps  I  read  it  wrong.  The 
percentage  of  phosphorous  we  mention  in  our 
requirements  for  the  reason  that  not  only  the 
quality  of  metal,  but  the  money  value  of  the 
steel  is  largely  determined  by  it  in  specifications 
to  be  bid  upon  by  outside  parties,  they  should 
be  placed  all  upon  the  same  general  basis  as  in 
fairness  should  be  demanded  by  the  party  who 
is  placing  his  work.  The  requirement  which  we 
have  placed  for  sulphur,  for  carbon  and  for  man¬ 
ganese,  in  our  experience  is  that  which  has  been 
found  to  be  the  limit  to  get  the  mechanical  re¬ 
quirements  asked  for. 

I  agree  with  Mr.  Metcalf  that  if  the  material 
does  answer  the  mechanical  test  that  is  about 
all  that  we  ought  to  ask.  One  point,  however, 
may  be  mentioned,  that  a  sample  of  Bessemer 
or  open  hearth  might  come  up  to  the  require¬ 
ments  and  yet  99  samples  out  of  100  of  steel 


with  that  analysis  would  not  do  it.  For  in¬ 
stance,  you  might  get  a  Bessemer  metal  which 
would  have  2-10  per  cent,  phosphorous  which 
would  answer  all  requirements  of  good  tension 
steel,  but  I  do  not  think  you  will  find  the  aver¬ 
age  run  of  .20  per  cent,  of  phosphorous  metal 
to  answer  those  requirements,  and  have  made  a 
phosphorous  limit  first,  because  it  was  more  fair 
to  all  parties,  and,  second,  it  is  almost  a  neces¬ 
sity  to  have  the  phosphorous  down  to  .10  in  or¬ 
der  to  fill  the  requirements. 

Mr.  Metcalf — The  gentleman  does  not  an¬ 
swer  my  question  at  all  in  regard  to  the  chem¬ 
istry.  I  merely  said  I  had  nothing  to  say  on 
the  subject.  I  never  presumed  to  make  a  chem¬ 
ical  specification  myself  but  I  admit  the  impor¬ 
tance  of  it.  The  question  was  that  he  ignored 
silicon  altogether  although  it  is  one  of  the  most 
important  elements  in  steel.  I  do  not  know  why 
it  should  be  left  out. 

In  regard  to  this  matter  of  specifications, 
there  is  another  set  of  specifications  for  steel 
for  structural  purposes  about  being  published, 
if  not  already  published,  in  which  the  chemical 
specification  is  left  blank,  and  I  would  say  that 
that  was  done  at  my  suggestion;  carbon  to  be 
within  certain  limits,  phosphorous  not  to  exceed 
so  much,  sulphur,  silicon  and  manganese  not  to 
exceed  so  much,  leaving  the  matter  open  to  the 
steel  maker  himself  to  say  what  character  of 
steel  he  proposes  to  furnish.  Once  he  puts  his 
figure  down  on  paper  he  must  stick  to  it,  if  the 
purchaser  chooses  to  hold  him  to  it. 

Now,  as  to  why  I  was  led  to  that  suggestion, 
there  is  a  little  story  connected  with  it.  I  re¬ 
quired  at  one  time  quite  a  lot  of  boiler  steel  in 
our  works.  I  partly  made  a  friend  of  mine  in 
Cleveland  promise  I  would  order  the  next  lot 
from  him  merely  as  a  matter  of  friendship.  The 
matter  leaked  out  and  I  received  word  from  my 
partner  that  our  neighbors  and  competitors  in 
Pittsburgh  were  complaining  of  it.  They  said 
if  they  were  not  allowed  to  bid  upon  this  boiler 
steel  and  it  was  purchased  in  Cleveland,  the 
story  would  go  out  and  go  over  the  country  that 
the  Crescent  Steel  Works  would  not  buy  steel  in 
Pittsburgh  for  their  boilers.  They  should  have 
a  chance  to  bid.  That  seemed  fair  and  my  part¬ 
ner,  Mr.  Miller,  then  asked  me  to  make  a  chemi¬ 
cal  specification  of  the  steel,  also  physical,  and 
ask  the  different  parties  to  bid  on  it.  That  I 
promised  to  do  and  then  thought  over  the  mat¬ 
ter  very  seriously  as  to  what  these  chemical 
specifications  ought  to  be,  and  I  concluded  these 
people  knew  better  than  I  and  I  wrote  each  of 
the  steel  houses  in  Pittsburgh  to  give  us  prices 
on  a  certain  quantity  of  steel  for  quite  a  number 
of  boilers,  making  their  own  chemical  specifi¬ 
cations. 
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The  result  of  that  was  that  each  party  iu  the 
city  here  bid  and  bid  at  a  very  low  price.  They 
all  underbid  Cleveland,  and  every  one  sent  iu  a 
chemical  specification  I  would  not  like  to  meet 
myself,  it  was  so  good  and  so  low,  all  below  what 
Mr.  Hunt  has  specified  in  his  paper.  Each  one 
guaranteed  that  the  steel  should  be  within  the 
limits  given.  That  was  entirely  satisfactory. 
The  bids  were  mostly  based  on  open  hearth  steel 
but  one  or  two  on  crucible  steel. 

The  party  who  furnished  an  equally  good 
specification  with  any  of  the  others,  also  the 
lowest  in  price,  and  was  entitled  to  the  order, 
also  offered  crucible  steel  at  one-half  cent  per 
pound  higher  and  the  boilermaker  urged  me  to 
take  the  crucible,  because  it  was  worth  more, 
never  had  been  known  to  fail  anywhere.  Well 
with  my  well  known  love  for  crucible  steel  I  or¬ 
dered  it.  The  result  was  that  when  I  got  the 
tests  I  found  that  I  had  paid  more  for  the  steel 
that  was  not  as  good  as  open  hearth.  I  tell  this 
story  for  the  benefit  of  engineers  outside  of  the 
steel  manufacturing  business  who  do  not  gener¬ 
ally  understand  the  matter.  It  is  my  opinion 
that  engineers  will  get  offers  for  better  material 
if  they  will  ask  the  steel  makers  to  make  their 
own  specifications,  because  they  will  be  so  anx¬ 
ious  to  get  the  trade,  especially  if  a  large  lot, 
they  will  put  the  specifications  as  low  as  they 
can  safely  go  and  once  there  you  have  got  them. 

Th-  se  specifications  are  reasonable  except  Mr. 
Hunt  has  left  out  silicon.  They  can  all  bid 
within  those  limits;  each  one  knows  how  cheap¬ 
ly  he  can  work  and  he  wants  to  get  the  best  for 
it,  whereas  the  other  way  the  man  who  has 
special  advantages  for  making  finer  material  will 
offer  it  and  the  result  is  the  engineer  gets  the 
best  thing  that  can  be  had  for  the  money. 

Mb.  Rodd — Mr.  Hunt  has  certainly  prepared  a 
paper  that  is  a  move  in  the  right  direction.  We 
ought  to  formulate  the  qualities  of  good  iron  for 
bridges  and  structures.  There  are  some  things 
in  the  paper  that  I  do  not  exactly  agree  with. 

I  think  generally,  the  requirements  are  rather 
low  for  iron,  I  believe  iu  wrought  iron  if  you 
get  good  material.  It  is  giving  us  good  service  in 
our  bridges  and  structures. 

In  specifications  the  more  simple  the  require¬ 
ments  are  the  better,  for  obvious  reasons. 
Different  shapes  of  iron,  within  ordinary  limits, 

■X 

I  have  found  in  practice,  give  reasonably  near 
similar  results.  That  is,  a  good  angle,  a  good 
channel,  a  good  beam,  will  give  results,  which, 
putting  all  of  one  kind  together,  that  is  the  tests 
of  all  your  angles,  and  so  on  will  average  fairly 
together  and  will  not  vary  very  much,  provided 
j'ou  have  good  material. 

There  are  certain  specifications  which  have  been 
in  vogue  now  for  quite  a  long  while.  Generally 


speakiug  they  are  that  wrought  iron  in  small 
specimens  should  stand  50,000 pounds  with  limit  ' 
of  elasticity  about  28,000  pounds  and  elongation 
say  15  per  cent,  in  eight  inches.  Iu  large  sect  ions, 
testing  in  full  size,  there  is  a  reduction  from  this. 
Small  bars  exceed  this. 

For  plate  iron  I  think  Mr.  Hunt’s  specifica¬ 
tions  are  too  low*.  Plate  iron  is  used  by  con¬ 
necting  it  up  with  rivets  to  other  plates  or  to 
shapes.  The  strength  of  the  structure  depends 
upon  how  you  secure  it  to  the  other  parts  to 
make  a  girder,  for  i.  stance,  in  a  bridge.  Mr. 
Hunt  puts  wide  plate  iron  way  down  to  4.4,000 
pounds,  and  yet  it  is  obtainable  iu  very  w  ide 
sheets  much  above  that  on  the  average.  It  can 
be  had  at  from  46,000  to  48,000  right  along;  and 
I  think  we  ought  to  keep  the  requirements  of 
iron  high  as  possible.  We  must  inspect  it  and 
get  the  best  we  can.  Engineers  generally  do 
not  want  to  specify  a  thing  they  cannot  get,  vet 
nothing  should  be  yielded  of  what  may  be  ob¬ 
tained  of  regular  make. 

It  was  a  practice  some  years  ago  to  call  for 
iron  60,000  pounds,  and  people  thought  that  they 
had  it  because  they  got  their  result  sometimes 
by  testing  in  the  old  fashioned  groove  test, 
where  the  small  specimen  was  grooved  out  in 
such  a  wray  that  the  strength  at  the  place  the 
piece  must  break  was  greatly  reinforced  by  ad¬ 
jacent  metal.  Most  of  us  are  familiar  with  that 
method  of  testing.  The  plate  iron  should  be 
somewhat  higher  than  specified,  both  as  to  limit 
of  elasticity  and  elongation. 

One  requirement  of  the  specification  is  “neu¬ 
tral”  iron.  That  is  w’hat  we  want.  The  iron 
used  for  tension  members  is  invariably  put  into 
a  blacksmith  fire  and  sometimes  very  much 
damaged  there.  So  far  as  I  see,  however,  there 
is  no  test  to  establish  whether  the  iron  is  red 
short,  cold  short  or  w  hat  it  is.  We  want  iron  to 
work  in  the  fire  but  not  a  cold  short  iron. 

Iu  regard  to  steel  I  have  not  had  much  exper¬ 
ience.  It  seems  to  me  that  the  limits  are  suffi¬ 
ciently  low’  and  I  think  that  they  ought  to  be 
kept  low’,  because  there  has  been  a  great  deal  of 
trouble  in  forging  steel.  Tension  members  must 
be  forged  in  the  same  way  as  if  they  were  wrought 
iron;  there  has  been  a  great  deal  id  trouble  in 
accomplishing  this  successfully. 

I  do  not  think  it  can  be  said  that  steel  tension 
members  have  been  successfully  forged  us  a 
rule. 

I  understand,  however,  that  one  of  our  mem¬ 
bers,  who  is  also  a  member  of  the  National  So¬ 
ciety,  will  shortly  rea*d  a  paper  in  which  he 
gives  some  very  interesting  information  in  re¬ 
gard  to  forging  steel. 

I  am  in  favor  of  making  sure  of  what  we  have, 
believing  that  wrought  iron  for  ordinary  spans 
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is  very  good  material.  Steel  is  not  as  well  suited 
for  concussive  strains  as  wrought  iron.  Wrought 
iron  will  suffer  from  vibration,  but  steel  will 
suffer  more  and  give  out  sooner. 

Mr.  Naegeley — I  fully  agree  with  Mr.  Rodd. 
A  short  time  ago  I  made  tests  of  wide  plates 
from  60  to  70  inches  in  width  which  averaged 
48,000  pounds  ultimate  and  those  were  not  the 
only  tests  I  made.  Angles  as  well  as  channel 
iron.  I  think  that  the  specification  for  bar  iron 
should  be  kept  up  and  I  think  that  we  can  easi¬ 
ly  expect  at  least  52,000.  I  have  received  time 
and  again  more  than  that. 

As  regards  steel  I  think  in  reference  to  an¬ 
alyses  that  they  ought  not  to  be  required  as 
long  as  we  have  the  physical  tests.  That  should 
be  left  with  the  contractor.  In  that  respect  I 
agree  with  Mr.  Metcalf. 

Mr.  Brown  —  Why  would  it  not  be  well 
to  leave  out  the  elastic  limit  and  the  tensile 
strain  and  use  the  modulus  of  elasticity  alto¬ 
gether? 

Mr.  Hunt — We  do  not  ordinarily  require  this 
because  it  does  not  tell  us  much  of  the  charac¬ 
ter  of  the  material.  These  specifications  were 
with  reference  to  the  quality  of  iron  for  its 
work.  The  stretch  and  reduction  of  area  are 
direct  factors  of  ductility  of  the  material,  which 
the  modulus  of  elasticity  would  not  be. 

As  to  the  matter  of  width  of  plates,  it  has  been 
my  experience  contrary  to  that  of  Mr.  Naegeley 
and  Mr.  Rodd,  although  I  admit  they  have  had 
more  experience  than  I  have  had,  that  it  has 
been  difficult  on  the  average  for  wide  plates  to 
stand  the  same  test  as  narrow  plates.  Plates  un¬ 
der  36"  wide  are  usually  made  on  a  universal 
mill  and  get  better  work.  We  get  a  very  much 
better  test  from  universal  mill  plates  under  36" 
wide  than  from  plates  wider.  I  am  trying  to 
make  these  specifications  as  reasonable  as  pos¬ 
sible  and  not  place  them  above  what  can  be  ob¬ 
tained  on  the  average  with  the  best  materials 
and  best  methods  of  work. 

I  like  Mr.  Metcalf’s  idea  of  requiring  the  con¬ 
tractor  to  state  his  own  maximum  limit  for  im¬ 
purities  in  the  steel  and  think  we  shall  incorpo¬ 
rate  it  in  our  specifications. 

Mr.  Metcalf— I  agree  with  you  that  the  mod¬ 
ulus  of  elasticity  is  all  you  want.  Some  year  or 
two  ago  I  had  a  certain  lot  of  samples  of  steel 
sent  to  me,  some  to  be  anuealed,  some  to  be 
tempered,  some  to  be  hardened,  some  without 
any  manipulation.  They  were  all  to  be  sent  to 
Watertown  to  be  tested  on  the  big  Government 
machine.  These  bars  were  all  tested  and  the 
tests  gave  the  varying  results  in  elastic  limit, 
percentage  of  elongation,  stretch,  ultimate 
strength,  that  might  be  expected  from  different 
bars  treated  in  these  different  ways,  but  the  dis¬ 


covery  was  made,  and  a  very  remarkable  one, 
that  when  they  came  to  figure  out  the  modulus 
of  elasticity  that  all  had  the  same  one. 

All  you  need,  as  has  been  stated  in  this  room 
though  not  before  this  society  is  to  have  your 
spring.  However,  I  will  say  that  springs  are  not 
made  that  way  but  that  is  the  way  the  modulus 
of  elasticity  will  work  out. 

Another  question  I  think  the  engineers  who 
are  engaged  in  structural  work  have  given  a 
great  deal  of  thought  to.  It  was  very  common 
a  few  years  ago  among  some  of  the  most  emi¬ 
nent  engineers  to  ridicule  your  factor  of  safety. 
They  called  it  a  “factor  of  ignorance."  I  think 
it  is  not  a  factor  of  ignorance  but  a  factor  of 
safety.  If  any  one  will  take  the  trouble  to  read 
carefully  the  report  that  Mr.  Baker  has  made  on 
the  work  recently  done  on  the  Frith  of  Forth 
bridge,  you  will  see  Avliat  terrible  dangers  struc¬ 
tures  are  exposed  to  from  alterations  of  exten¬ 
sion  and  compression,  and  when  you  consider 
the  facts  and  data  given  there  by  Mr.  Baker  you 
will  see  that  he  wanted  a  large  factor  of  safety. 
He  makes  some  remarks  there  in  regard  to  steel. 
He  is  using  a  very  much  higher  steel  in  that 
structure  than  has  ever  been  used  in  a  work  of 
that  kind,  except  in  the  St.  Louis  bridge.  There 
Captain  Eads  used  a  very  high  steel,  particularly 
for  compression  members,  and  they  are  both 
right.  There  is  a  principle  there  that  it  would 
be  well  for  us  to  bear  in  mind.  That  is,  that 
where  a  structure  is  subjected  to  alternate  strains 
of  extension  and  compression,  it  is  under  the 
same  conditions  as  when  subjected  to  vibrations, 
properly  so-called. 

That  is  to  say,  a  slow  alternate  strain  may  be 
considered  to  be  the  limit  of  vibration,  quick 
vibrations  giving  the  limit  at  the  other  extreme, 
and  undoubtedly  subjecting  the  material  to  al¬ 
ternate  strains  of  extension  and  compression 
delivered  rapidly. 

Now  it  is  well  known  that  the  higher  the  ma¬ 
terial  the  more  rigid  it  is,  the  better  it  will  re¬ 
sist  vibration.  In  other  words  that  the  resist¬ 
ance  to  vibration  is  a  function  of  rigidity,  really 
resistance  to  shock  and  impact.  You  will  see 
why  it  is  perfectly  safe  to  use  higher  material 
subject  to  this  alternate  strain. 

You  can  illustrate  that  principle  better  if  you 
take  three  wires,  one  of  copper,  one  of  soft  iron 
and  one  of  mild  steel  and  then  take  a  regular 
piano  wire,  which  is  tempered  steel.  Let  them 
all  be  the  same  style  and  tune  them  and  get  them 
to  the  same  tone  as  near  as  possible,  then  sub¬ 
ject  them  to  the  pads  of  a  piano  and  which  wire 
will  give  out  first?  Unquestionably  the  soft. 
Your  tempered  piano  wire  will  keep  that  tone 
indefinitely.  That  is  the  principle  involved  in 
the  resistance  to  vibration  and  that  same  matter 
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is  given  out  by  Mr.  Baker  in  bis  report,  where 
the  same  principle  is  applied. 

Mr.  Rodd — I  believe  Mr.  Baker  had  to  use 
high  steel,  as  also  did  Captain  Eads,  on  account 
of  the  large  size  of  the  structures,  requiring 
very  large  members.  In  regard  to  the  simile 
showing  steel  to  be  best  able  to  resist  vibration, 
it  is  more  rigid  undoubtedly,  but  the  vibration 
is  the  result  of  a  shock.  It  vibrates  from  the 
shock.  Now,  if  a  shock  causes  the  vibration, 
and  this  is  certainly  the  case,  it  seems  to  follow 
that  the  vibration  caused  by  the  shock  is  inju¬ 
rious;  in  fact,  I  believe  it  to  be  more  damaging 
to  steel  than  to  wrought  iron. 

In  regard  to  the  piauo  wires,  the  case  does  not 
seem  to  me  exactly  to  agree  with  the  facts  in 
practice.  They  wrere  to  have  the  same  tone, 
these  different  metals,  but  would  have  to  be 
strained  to  different  amounts.  The  piano  wire 
would  require  far  less  stretching,  I  believe, 
though  I  may  be  mistaken,  to  give  it  the  same 
tone,  than  would  the  copper  wire. 

Mr.  Brown— Each  tone  is  strained  to  a  point 
proportionally  near  to  its  limit  of  elasticity.  I 
mean  just  inside  the  limit  of  elasticity,  and  then 
which  wire  would  retain  its  tone  the  longest? 

Mr.  Rodd — Still  each  of  those  has  a  very 
strongly  defined  limit  of  elasticity.  The  piano 
wire  has  a  very  high  one,  the  copper  wire  a  very 
low  one,  so  that  I  hardly  think  that  parallel  will 
hold,  to  show  that  copper  or  any  soft  material 
would  not  be  better  adapted  to  resist  shock  than 
highly  tempered  material,  provided  section  be 
sufficient. 

Mr.  Metcalf — I  did  not  say  to  resist  shock.  I 
do  not  care  to  be  misquoted.  I  said  distinctly 
that  resistance  of  the  wire  w  as  clearly  a  function 
of  its  ductility,  but  there  are  many  parts  of 
structures  where  it  is  almost  impossible  to  bring 
a  direct  shock  on  them,  but  they  are  always  sub¬ 
ject  to  vibration,  but  I  do  say  it  is  clearly  well 
established  that  the  more  rigid  material  will  re¬ 
sist  vibration  better.  That  is  so  well  established 
now  as  to  be  put  beyond  all  question.  The 
function  of  vibration  is  rigidity  as  the  function 
of  resistance  to  shock  is  ductility.  It  is  well 
worth  while  to  keep  that  distinction  well  in 
mind,  and  that  where  you  are  safe  from  the 
direct  impact,  the  higher  the  material  is  the  bet¬ 
ter  it  will  resist  vibration. 

Mr.  Hunt — Do  you  consider  the  concussion  of 
a  railroad  train  a  vibratory  or  concussive  shock? 

Mr.  Metcalf — Undoubtedly  a  concussive 
shock  to  the  part  of  the  structure  receiving  the 
direct  blow,  but  it  must  be  vibratory  to  the  rest 
of  the  structure. 

Mr.  Rodd— The  trouble  is  to  determine  be¬ 
tween  the  vibration  and  the  shock  on  any  struc¬ 
ture,  which  members  receive  shock  and  which 


vibration,  hh  it  is  done  very  suddenly.  In  a 
bridge  the  floor  beaiuH  receives  hocks  first,  but 
they  do  uot  receive  a  shock  any  more  directly 
than  many  parts  of  the  structure.  It  is  trans¬ 
mitted  to  the  floor  beams  through  some  other 
part,  say  the  stringers,  or  the  rails  on  w  hich  the 
wheels  travel.  Now,  it  is  transmitted  then  indi¬ 
rectly  to  the  floor  beams,  and  yet  I  believe  it 
gives  them  a  shock.  I  really  believe  every  part 
of  the  bridge,  if  a  moderate  structure  (in  span*, 
received  a  shock,  not  only  on  the  floor  beams 
but  in  every  part,  when  a  very  lurge  load  pusses 
over  it  rapidly.  Every  part  receives  a  shock. 

I  did  uot  in  any  way  wish  to  misquote  Mr. 
Metcalf,  but  I  could  hardly  disconnect  shock 
and  vibration  in  my  mind,  from  the  fact  that 
shock  causes  vibrutiou,  the  vibration  being 
directly  the  result  of  the  shock.  Mr.  Metcalf 
did  uot  distinguish,  but  said  it  is  not  u  shock, 
but  admits  that  the  vibration  is  so  violent  as  to 
be  equivalent  to  a  shock. 

Mr.  Metcalf — All  structures  must  be  designed 
to  resist  shocks,  to  which  you  know  them  liable 
to  be  subjected.  You  know  perfectly  well  there 
is  no  bridge  structure  in  existence,  if  subjected 
to  continuous  vibration  fora  considerable  length 
of  time,  it  would  not  go  to  pieces.  Now  then, 
the  point  I  was  making,  that  Mr.  Baker  has  fully 
recognized  and  has  given  the  data  for,  is  the 
matter  of  alternate  strains,  and  he  also  refers  to 
vibrations.  I  merely  said  that  I  think  the  two 
things  are  of  the  same  nature.  He  speaks  of 
the  terrible  danger  to  all  structures  w  hich  are 
subjected  to  alternate  strains,  and  he  finds  the 
best  resistance  in  the  higher  steel,  and  I  think 
Mr.  Baker  is  right.  In  building  that  bridge  out 
of  the  high  material  he  has  put  up  something 
which  will  resist  vibration  better  than  if  mild, 
and  particularly  in  that  bridge  where  he  w  ill 
have  high  wind  strains  and  much  vibration. 

Mr.  Rodd — Mr.  Baker  is  undoubtedly  right, 
but  the  case  is  so  very  different  from  ordinary 
practice.  There  you  have  an  extraordinary 
length  of  span;  so  much  dead  weight  that  the 
inertia  of  the  bridge  itself  is  enormous,  so  that 
he  is  safe  in  using  high  steel.  But  to  bring  that 
down  to  general  practice  in  bridge  building 
would  be  very  unsafe.  We  should  try  to  get  the 
inertia  of  our  bridges  as  large  as  possible  in  pro¬ 
portion  to  the  live  loads  passing  over  them, 
especially  bridges  used  by  railroads,  where 
verj’  large  loads  pass  over  them  at  high  speed. 

Mr.  Roberts— The  last  two  or  three  years  in 
traveling,  particularly  in  the  west.  I  have  met  a 
number  of  engineers.  There  is  a  general  want 
of  information  in  regard  to  steel.  They  kuow 
more  about  it  in  this  society  than  probably 
elsewhere  in  the  United  States.  I  think  there 
would  be  more  steel  used  in  bridge  structures  if 
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the  engineers  felt  safe  in  advising  it.  It  seems 
some  of  them  are  afraid  of  it.  The  tests  for 
steel,  as  read  by  Capt.  Hunt,  seem  to  me  about 
fair  enough  to  go  abroad  as  representing  the 
character  of  the  material  to  be  advised  for 
structures.  It  does  not  seem  to  be  too  high. 

Mr.  Zimmerman— There  are  some  points  in  the 
paper  read  which  I  would  like  to  make  a  few 
remarks  about.  In  the  first  place  I  believe  Mr. 
Hunt  makes  an  upper  limit  to  his  mechanical 
tests  for  steel.  That  I  have  always  found  to  be 
very  objectionable  and  I  can  not  see  any  reason 
why  it  should  be  put  in.  For  instance  a  steel 
that  is  85,000  pounds  in  tensile  strength,  instead 
of  80,000,  certainly  is  a  better  material  to  use  in 
a  given  place,  say  the  top  chord  of  a  bridge 
other  requirements  being  equal.  Steel  makers  ob¬ 
ject  to  upper  limits  and  it  was  found  necessary, 
in  the  specifications  for  the  Plattsmouth  bridge, 
for  the  Bismarck  bridge  and  for  the  Niagara 
river  bridge,  all  of  which  used  steel  in  the  top 
chord  and  the  louver  chord,  except  in  the  Niagara 
river  bridge  where  the  steel  is  only  used  in  the 
compression  member,  they  were  obliged  to  throw- 
out  the  upper  limit. 

I  think  the  carbon  might  well  be  left  out  of 
specifications  altogether,  as  well  as  the  maximum 
limits  on  the  mechanical  tests,  but  strange  as  it 
may  seem  the  specifications  as  usually  written 
by  engineers,  particularly,  as  Mr.  Roberts  says,  in 
the  west,  are  wrong  in  probably  the  most  simple 
test  there  is  to  make,  and  that  is  the  bending . 
test.  It  is  seldom  that  you  see  a  specification 
that  does  not  require  iron  tension  bars  to  bend 
at  least  180  degrees,  frequently  more. 

If  you  have  ever  tried  large  iron  bars  you  will 
find  as  a  rule  bars  perfect  in  every  other  respect, 
bars  which  the  physical  properties  show  to  be 
good  material,  will  not  oend  180  degrees  when 
they  are  over  say  1\"  in  diameter;  that  is  to  bend 
around  a  cylinder  14"  in  diameter.  If  yon  figure 
the  extension  of  the  outside  fiber  of  a  bar  14"  in 
diameter  you  will  find  that  that  fiber  is  bound  to 
extend,  in  order  to  make  that  curve,  33  percent, 
of  its  length,  and  it  is  scarcely  reasonable  to  ask 
fiber  in  iron  to  stand  33  per  cent. 

I  did  not  attend  as  carefully  as  I  might  have  to 
the  specification  but  those  are  the  points  that 
principally  struck  me.  I  think  Mr.  Metcalf  s 
idea  with  regard  to  allowing  the  steel  makers  to 
specify  their  own  chemical  analyses  is  a  good 
one,  although  I  had  never  seen  it  done  before  or 
ever  heard  of  it.  The  ultimate  limits  I  think 
should  not  be  specified  at  all  and  the  bending 
tests  from  what  I  remember  of  the  specifications 
are  good. 

Mr.  Metcalf’s  idea  with  regard  to  high  steels 
for  compression  members  in  certain  cases  I 
think  is  right.  In  fact,  I  know  he  is  right,  so 


far  as  resisting  rapid  vibration  is  concerned  the 
higher  the  steel  the  better  it  will  stand  the  vibra¬ 
tory  motion.  The  principal  member  of  an  or¬ 
dinary  truss  bridge  is  subjected  to  very  small 
direct  shock.  The  shock  transmitted  to  that 
member  is  usually  transmitted  through  a  number 
of  other  members.  For  instance  through  the 
floor  beams  to  the  posts,  the  tension  members 
and  then  in  a  transverse  way  to  the  upper  chords. 
It  seems  to  me  that  the  direct  thrust  on  that 
upper  chord  is  very  small  and  it  has  been  the 
universal  practice,  I  believe  in  this  country,  to 
make  that  upper  member  of  much  higher  steel 
than  the  other  tension  members,  but  I  am  afraid 
of  using  too  high  steel,  principally  on  account 
of  its  abuse  in  the  shops.  I  think  the  men  in 
our  shops  need  to  be  taught  how  to  use  the 
higher  steels  and  they  could  work  it  as  safely  as 
mild  steels  but  as  yet  I  do  not  think  they  are 
able  to  do  it. 

Mr.  Roberts — I  am  very  much  surprised  here 
this  evening  to  hear  advised  by  those  most  ex¬ 
perienced  on  the  subject  the  use  of  high  steel, 
particularly  in  compression  members.  I  have 
got  myself  pretty  well  educated  in  this  Society 
that  the  ultimate  strength  should  not  exceed 
80,000  pounds.  In  any  case  there  is  a  liability  as 
Mr.  Zimmerman  says  of  abuse  in  the  shops. 

I  can  not  recall  the  speakers  at  that  time  but  I 
think  there  has  been  a  change  in  opinion,  but  I 
think  possibly  Mr.  Metcalf  has  changed  when  he 
now  advises  using  high  steel. 

Mr.  Naegeley — There  has  been  so  much  im¬ 
provement  of  late  in  the  manufacture  of  steel 
that  we  can  put  more  reliance  in  that  material 
than  heretofore.  I  should  advise  more  confi¬ 
dence,  particularly  among  engineers  who  have 
it  in  practical  use. 

Mr.  Rodd— With  regard  to  high  steel — it  is 
mostly  to  repeat  what  I  have  said.  High  steel 
means  smaller  sections.  It  answers  for  very 
large  structures  but  not  for  small  ones.  You 
want  steel  of  pretty  good  thickness.  That  is 
needed  on  account  of  connections  and  to  last 
wrell.  The  chords  spoken  of  are  generally  made 
rather  large,  so  as  to  take  advantage  of  a  certain 
factor  of  compression  members,  which  is  alluded 
to  very  frequently  by  engineers,  called  “the  ra¬ 
dius  of  gyration”.  That  “radius  of  gyration"  is 
a  factor  of  the  allowed  strength  of  a  compression 
member.  The  effect  of  introducing  it  is  to  thin 
out  the  metal  very  much.  You  want  to  get  as 
much  metal  away  from  this  radius  of  gyration  as 
you  can.  It  counts  more.  All  that  goes  to  re¬ 
duce  the  thickness  of  the  material  you  use  wrhich, 
as  I  say,  may  be  good  in  a  very  large  structure 
but  not  in  a  small  one,  or  one  of  ordinary  size. 
Now,  in  regard  to  the  specifications — you  have  to 
build  your  structures — you  want  good  materia 
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for  them;  it  has  been  the  ease  in  the  last  ten  or 
more  years,  at  least  two  or  three  times,  that  all 
the  mills  in  the  country  were  very  busy  and 
although  they  wanted  to  serve  their  good  cus¬ 
tomers,  they  were  unable  to  roll  the  iron  for 
them  promptly;  if  iron  was  rejected  then  serious 
delays  occurred;  it  is  essential  to  be  able  to  get 
the  iron  you  specify.  It  follows  that  you  should 
specify  material  regularly  obtainable  yet  keep 
up  the  standard  fully. 

One  way  to  accomplish  this,  in  fact  the  way  I 
have  done  myself,  has  been  to  take  the  results  of 
tests  for  a  series  of  years,  say  as  much  as  six  or 
seven  years,  these  tests  including  in  all  cases  the 
ultimate  strength,  elongation  in  8"  and  limit  of 
elasticity,  for  each  kind  of  iron;  having  now  per¬ 
haps  500  tests  of  each  kind  of  iron,  throw  out  all 
very  high  results,  then  the  averages  of  the  re¬ 
maining  tests  will  assure  you  as  to  the  iron  you 
have  obtained.  It  is  my  opinion  that  the  stand¬ 
ard  should  be  kept  up  and  not  lowered,  so  that 
you  should  specify  at  least  as  good  iron  as  you 
have  been  getting  regularly  under  rigid  specifi¬ 
cations. 

Mr.  Dagron — I  have  not  read  the  paper  of  Mr. 
Hunt  very  thoroughly  but  I  see  in  the  first  part 
of  it  Mr.  Hunt  specified  the  manner  in  which 
the  manufacturers  shall  prepare  their  piles,  the 
amount  of  reduction  they  shall  give  from  the 
cross-section  of  the  finished  piece,  and  also  asto 
what  items  shall  be  permissible,  made  of  old 
rails  and  from  scrap. 

I  think  Mr.  Hunt  exceeds  the  powers  of  an  in¬ 
spector  iu  this  regard.  I  hold  it  to  be  the  pro¬ 
vince  of  an  engiueer  to  make  as  rigid  tests  as  he 
chooses,  but  that  he  leave  the  mode  of  manufac¬ 
ture  to  the  manufacturer.  All  in  his  province  is 
to  see  that  he  gets  the  material  that  corresponds 
to  his  specifications.  In  doing  that  he  fulfills 
his  duty.  In  going  beyond  that  he  exceeds  his 
duty. 

Another  point  I  would  call  attention  to  is  sec¬ 
tion  12:  “The  testing  machine  shall  be  compared 
with  the  Olsen  Testing  Machine  of  the  Pittsburgh 
Testing  Laboratory,  etc., — until  the  tests  show 
the  machines  accord.” 

This  is  making  the  machine  of  the  Pittsburgh 
Testing  Laboratory  the  standard  for  all  other 
machines.  We  have  no  evidence  to  show  that 
this  machine  is  more  correct,  and  it  would  be 
well  to  determine  that  before  sending  this  speci¬ 
fication  forth  in  this  remarkable  manner. 

Then  I  notice  also  in  the  case  of  bars  1$"  iu 
diameter,  they  shall  bend  180  degrees  around 
their  own  diameter,  until  the  sides  come  in  con¬ 
tact.  I  do  not  think  there  is  any  iron  made  that 
will  stand  that  treatment — “until  the  sides  come 
in  contact”.  At  least  it  has  not  been  my  ex¬ 
perience  to  find  that  quality  and  I  have 


hud  iron  from  the  l>est  mills  of  the  country. 

He  also  reduces  the  specification  for  elastic 
limit  as  the  thickuess  of  bars  or  the  diuinetcr 
increases.  I  think  this  is  a  mistake,  because  the 
thicker  the  bar  proportionately  there  is  less  work 
upon  it  and  therefore  its  texture  approaches 
closely  to  that  of  cast  iron,  in  which  the  elastic 
limit  is  almost  up  to  the  ultimate  strength.  Thu 
elastic  limit  increases  instead  of  decreases,  there¬ 
fore  I  do  not  see  any  necessity  for  reducing  it 
here  iu  the  specification. 

In  wide  plates  it  is  the  same  thing.  The  elastic 
limit  goes  down  to  23,000  pnuuds.  It  is  as  easy 
to  obtain  25,000  to  26,000  pounds  in  wide  plates 
as  in  smaller  plates,  say  12"  in  width. 

Now  as  regards  steel.  The  third  section  says: 
“If  drillings  of  the  steel  which  were  taken  from 
any  portion  of  the  finished  material  do  not  satis¬ 
factorily  answer  the  chemical  requirements,  the 
steel  of  the  whole  charge  or  blow  is  to  be  reject¬ 
ed,  unless  it  shall  be  proven  that  the  defect  was 
caused  by  the  particular  ingot  or  bloom  having 
been  ‘burned’  in  heating.” 

I  do  not  believe  iu  specifying  the  chemical 
requirements  for  steel.  If  you  get  the  physical 
requirements  that  should  be  satisfactory.  It  is 
easy  enough  to  make  an  error  iu  the  chemical 
tests,  and  while  the  error  may  not  be  a  great  one 
it  would  be  a  hardship  to  the  manufacturer  to 
throw  out  a  lot  of  steel  because  it  was  lacking  a 
little  in  carbon  or  phosphorus. 

And  as  for  rivet  steel  he  says:  “the  steel  shall 
be  pure  steel.”  I  would  like  to  know  what  pure 
steel  is.  It  says:  “steel  to  be  neutral  in  character 
and  pure  in  composition.”  I  would  like  to  kuow 
what  pure  steel  is. 

Mr.  HuNto — Mr.  President,  I  have  just  said  to 
Mr.  Metcalf  that  I  think  he  is  the  authority  on 
steel  in  this  Society  and  I  would  respectfully  ask 
him  to  give  a  definition  in  answer  as  to  what 
“pure  steel”  is.  What  we  meant  bj'  it  here  is 
steel  pure  from  impurities,  sulphur,  phosphorus, 
or  such  impurities  as  would  render  it  cold-short 
or  red-short. 

Mr.  Zimmerman— In  Mr.  Dagron's  discussion 
just  now  I  heard  him  make  the  remark  that  the 
elastic  limit  in  cast  iron  was  very  near  the  break¬ 
ing  load.  My  experience  with  cast  iron,  although 
not  possibly  as  great  as  others  here  present,  has 
always  gone  to  show  that  the  elastic  limit  of  cast 
iron,  instead  of  being  nearer  the  ultimate  load 
of  the  iron,  is  very  near  the  initial  load.  The 
fact  of  the  matter  is  it  depends  a  good  deal  ou 
the  definition  of  “elastic  limit”,  as  to  whether 
you  consider  it  as  the  point  beyond  which  the 
extensions  cease  to  be  proportionate  to  the  load. 

It  is  very  certain  that  cast  iron,  for  every  addi¬ 
tional  load,  has  a  different  extension.  The  cast 
iron  curve  has  not  iu  it  any  part  perfectly 
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straight,  as  in  the  curve  of  a  test  of  wrought  iron 
or  of  a  test  of  steel.  Every  additional  load  that 
you  put  on  in  tension  on  a  piece  of  cast  iron 
makes  it  extend  greater  than  an  equal  load  pre¬ 
viously  put  on. 

The  consequence  is  the  elastic  limit  of  cast  iron 
can  not  be  determined  at  all.  I  have  never  seen 
it  yet  in  samples  8",  10"  or  12"  long,  where  meas¬ 
uring  extensions  for  every  given  load,  say  500 
pounds,  the  elastic  limit  would  not  be  in  the  first 
500  pounds. 

Mr.  Dagron — You  can  find  information  on  that 
subject  in  the  Government  reports,  on  testing 
metals. 

Mr.  Zimmerman— Not  in  the  last  report. 

Mr.  Metcalf — I  think  that  Mr.  Zimmerman  is 
pretty  nearly  correct  in  his  statement,  so  far  as 
my  experience  goes.  In  the  early  days  of  the 
war  I  tested  myself  some  thousands  of  specimens 
of  cast  iron,  of  the  very  best  we  could  get  in  the 
country.  At  one  time  for  a  period  of  three 
months  I  spent  the  whole  time  at  the  Watertown 
Arsenal,  testing  specimens  8"  and  10"  long,  of 
various  kinds  of  mixtures  of  iron  with  a  view  to 
enlarging  the  number  of  kinds  of  iron  we  could 
use  for  guns.  I  have  a  book  containing  all  those 
tests,  giving  every  detail  complete,  with  the 
loads  measured  at  every  thousand  pounds,  and 
also  the  curves  plotted,  also  the  comparative 
curves  of  all  the  different  specimens.  I  am  sorry 
to  say  that  I  do  not  know  exactly  where  the 
book  is  now.  I  would  like  it  to  be  in  the  Library 
of  this  Society,  because  it  covers  a  good  many 
tests,  carefully  made. 

Speaking  after  a  period  of  nearly  25  years,  and 
of  course  from  recollection,  my  impression  is  we 
were  always  able  to  measure  the  permanent  set 
under  a  load  of  two  or  three  thousand  pounds. 
The  cast  iron  in  nearly  all  the  specimens  we 
tested  up  near  the  breaking  load,  where  the 
increment  of  permanent  set  changed  very  sud¬ 
denly. 

I  think  that  Mr.  Zimmerman  is  right  in  regard 
to  the  increased  increment  for  every  increase  of 
load,  or  very  nearly  so,  but  there  was  a  point  in 
nearly  every  one  of  those  specimens,  perhaps 
three- fourths  of  them,  where  the  increment  in¬ 
creased  and  changed  very  suddenly  before  the 
piece  broke  down.  There  was  a  very  decided 
change  at  that  point  both  in  extension  and  com¬ 
pression  members. 

That  might  be  considered  the  point  where  the 
destruction  of  the  material  really  began.  Then 
the  elastic  limit  would  be  up  close  to  the  break¬ 
ing  strain,  and  if  you  consider  the  elastic  limit 
as  the  point  where  the  permanent  set  is  measured, 
it  is  generally  very  close  to  the  initial  load,  as 
Mr.  Zimmerman  stated. 

I  may  say,  in  answer  to  Mr.  Hunt,  as  to  what 


is  “pure  steel”,  that  I  can  hardly  say  I  know.  I 
have  a  theory  that  pure  steel  should  be  iron  and 
carbon  in  certain  proportions.  I  regard  any 
steel  as  practically  pure  which  contains  less  than 
.02  per  cent,  of  any  impurity,  and  that  is  a  point 
almost  impossible  to  reach.  It  can  be  reached, 
though.  I  do  not  think  that  such  extreme 
purity  is  necessary,  even  in  rivets,  because  if 
the  carbon  is  very  low  and  the  steel  does  not 
contain  oxide  of  iron,  which  is  the  most  fatal 
enemy  that  steel  has,  then  a  reasonable  amount 
of  phosphorus  and  silicon  can  be  endured  in  the 
steel  and  it  will  have  very  great  ductility  and 
great  powers  of  endurance. 

But  in  speaking  of  the  chemistry  of  steel  at  all 
I  would  remind  engineers  that  really  the  most 
dangerous  enemy  of  steel  is  oxygen.  As  our 
lamented  friend,  Mr.  Park,  said  at  the  first  meet¬ 
ing  of  this  Society,  it  is  the  great  enemy  of  steel. 

In  regard  to  making  any  chemical  specifica¬ 
tions  of  steel  at  all,  I  understand  Mr.  Hunt  has 
changed  his  specifications  slightly  from  what 
they  were  originally  and  leaves  that  matter  to 
the  manufacturer. 

I  would  remind  Mr.  Dagron  of  one  thing,  that 
while  he  is  correct  in  his  position  that  if  the 
material  will  give*the  physical  tests  required  it 
ought  to  satisfy  the  engineer,  and  so  it  ought  as 
a  general  rule,  yet  steel  is  subject  to  such  great 
variations  of  quality  and  strain  in  the  hands  of 
manipulators,  in  the  way  of  annealing,  etc.,  that 
it  is  very  questionable  to  my  mind  whether 
some  of  these  elements  of  impurity,  as  sulphur, 
are  not  elements  of  disintegration.  That  after 
steel  has  been  subjected  to  use  for  a  long  time 
and  to  the  changes  of  temperature  incident  to 
our  climate,  varying  from  100°  to  way  below 
zero,  whether  in  the  end  the  effect  will  not  be 
shown  by  causing  a  breaking  up  or  disintegra¬ 
tion  of  the  material.  You  know  very  well  we 
can  produce  all  sorts  of  changes  in  steel  by  sim¬ 
ply  subjecting  it  to  varied  temperatures,  and  we 
can  make  very  poor  steel  appear  pretty  good  by 
skilfull  handling  and  manipulation. 

It  is  a  question  whether  these  elements  ought 
not  to  be  kept  down  as  low  as  they  can  be  con¬ 
sistent  with  chemical  reasonableness  from  the 
fact  that  there  may  be  some  elements  of  disinte¬ 
gration  there  with  which  we  are  not  familiar. 
This  is  simply  a  hint— not  even  a  theory.  The 
steel  is  subjected  to  such  enormous  changes  in 
quality,  due  to  very  moderate  changes  in  tem¬ 
perature,  that  these  are  questions  well  enough 
for  engineers  to  think  of  and  discuss,  and  some 
day  we  may  have  further  light  as  we  learn  more 
about  the  material. 

Mr.  Hunt — Mr.  Metcalf  is  right  in  his  state¬ 
ment.  We  have  accepted  the  suggestion  made 
by  him  at  the  last  meeting  and  have  placed  in 
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our  specification  a  blank  for  the  contractor  to 
put  in  his  own  specification  of  what  he  would 
furnish  in  supplying  the  material— what  analy¬ 
ses  he  would  guarantee— believing  that  to  be 
better  than  to  require  any  minimum  or  maxi¬ 
mum  point  of  composition,  and  as  the  contrac¬ 
tors  will  want  to  make  as  favorable  a  showing  as 
possible  in  their  bids,  they  will  naturally  place 
their  chemical  requirements  as  lowr  as  possible 
and  will  place  them  in  many  instances  far  lower 
than  we  would  in  our  specification. 

As  to  the  other  matter  of  old  rails,  in  wrought 
iron  material  we  have  placed  that  in  as  a  matter 
of  fairness  to  the  mills  themselves.  Two  differ¬ 
ent  mills  make  a  bid  for  the  same  work,  one 
using  in  composition  old  rails,  the  other  using 
the  best  of  muck  bar  double  rolled,  we  think 
the  fact  of  the  one  using  a  cheaper  grade  of  ma¬ 
terial  should  be  put  in  the  bid.  Therefore  we 
placed  it  in  that  way,  and  while  we  do  not  say 
they  should  not  use  old  rails  we  simply  say  that 
when  they  are  used  that  in  fairness  to  other  con¬ 
tractors  who  use  a  higher  cost  product,  even  if 
not  any  better,  then  the  fact  should  be  so  stated 
in  the  bid,  and  further  we  shall  make  twice  as 
many  tests  and  a  much  more  rigid  examination 
of  the  material  if  we  know'  that  inferior  stock  is 
used  or  not  a  sufficient  work  given  to  the  metal. 

For  while  we  do  not  dispute  that  it  is  possible , 
due  to  patent  nostrums  or  “Skillful  manipula¬ 
tions,”  to  make  good  iron  out  of  poor  material 
not  sufficiently  worked  we  must  say  that  we  are 
very  skeptical  in  such  cases  and  will  need  like 
doubting  Thomas  “to  see  and  to  feel”  before  wre 
can  believe  in  them.  The  tests  that  are  usually 
made  by  inspectors  are  not  sufficient  to  always 
develope  treachery,  that  in  our  experience  will 
sooner  or  later  develope  in  poor  quality  metal 
designed  to  be  used  in  places  requiring  the  best 
grade,  and  we  hold  it  to  be  an  all-important 
point  that  the  stock  used  and  the  method  of 
manufacture  should  be  in  every  way  above  re¬ 
proach  in  structural  material  to  which  often  is 
entrusted  many  human  lives.  I  am  reminded  in 
this  of  the  saying  of  an  old  iron  master  that  “if 
you  put  the  devil  into  iron  his  Satanic  majesty 
is  sure  to  stay  there  and  to  show  himself  when 
he  gets  good  and  ready.” 

Mr.  Franks — I  would  differ  very  materially 
with  the  gentleman  who  has  just  spoken  on  that 
point.  I  think  this  is  due  to  the  skillful  manip¬ 
ulation  of  iron  and  steel.  If  one  manufacturer 
possesses  that  skill  which  another  does  not,  and 
it  enables  him  to  use  a  cheaper  material  to  start 
out  with,  and  yet  produces  the  same  result,  I  do 
not  believe  it  is  fair  for  him  to  expose  his  busi¬ 
ness. in  the  specifications.  If  the  engineer  gets 
material  that  meets  his  requirements  it  should  be 


satisfactory.  The  question  raised  by  Mr.  Metcalf, 
if  there  is  any  disintegrating  muteriul  in  the  old 
rails  that  it  should  be  taken  iuto consideration  is  a 
properoue.  1  do  not  know  w  hether  thegentlemuu 
who  has  just  spoken  did  take  that  iuto  consid¬ 
eration  but  it  has  been  shown  thut  they  can  pro¬ 
duce  excellent  material  by  using  old  rails  in  con¬ 
nection  with  other  selected  stock,  and  it  should 
be  permissible.  They  cau  not  work  miracles 
but  they  can  work  other  stock  with  old  ruils  and 
produce  as  good  stock  as  other  manufacturers 
with  double  rolled  bar.  Therefore  I  think  it 
would  be  unjust  to  require  any  explanation  as  to 
howr  the  manufacturer  produces  the  material 
provided  he  reduces  the  material  required. 

Mr.  Zimmerman — There  is  only  one  point  in 
regard  to  this,  and  possibly  other  cases,  that  the 
manufacturer  may  be  able  to  produce  certain 
results  on  a  testing  machine,  and  would  not  be 
able  to  produce  the  same  results  in  the  structure. 
For  instance,  you  take  iron  for  an  eye- bar.  Eye- 
bar  iron  may  be  made  from  old  rails,  or  from 
double  refined  iron  or  may  be  made  from  red- 
short,  cold  short  or  neutral  iron.  They  may  all 
by  manipulation,  or  a  certain  amount  of  rolliug 
in  each  case,  give  approximately  the  same  re- 
suits  in  a  testing  machine,  but  when  you  come 
to  work  that  into  an  eye-bar  subjecting  to  heat¬ 
ing  and  hammering,  the  resulting  bar  would  be 
far  different  from  the  test  of  the  small  bar.  We 
ought  not  to  expect  more  than  10  per  cent,  dif¬ 
ference  betw’een  the  sample  bar  and  the  bar 
tested  in  the  machine. 

The  same  refers  of  course  to  rivet  iron  and 
rivet  steel.  Nearly  all  rivet  iron  will  stand  well 
in  a  testing  machine,  showing  verj'  good  elon¬ 
gation,  very  good  ultimate  load,  but  if  not  tested 
by  some  fair  test  the  inspector  accepting  that 
material  has  no  idea  how  it  will  work  after  it 
goes  into  the  bridge. 

Mr.  Daoron — As  regards  that  eye  bar,  you 
allow  10  per  cent,  on  50,000  pound  iron  and  you 
get  it  down  to  45,000  pounds.  It  is  easy  enough 
to  check  up  whether  the  work  has  spoiled  it,  if 
that  iron  will  not  stand  heating  and  welding.  I 
have  had  cases  of  that  kind  where  the  iron  stood 
a  test  very  satisfactorily,  giving  52.000  pounds 
ultimate,  but  when  pulled  in  full  size  specimen 
it  broke  very  low,  and  then  I  took  the  original 
bar,  cut  out  pieces  1*2"  long  the  entire  width  of 
the  bar,  split  them  in  two,  had  them  welded  to¬ 
gether  and  pulled  in  testing  machine,  and  they 
broke  clear  across  the  weld,  giving  an  ultimate 
strength  of  39,000  pounds,  showing  in  that  case 
the  iron  was  red  short.  By  means  of  full  size 
tests  you  can  check  up  the  manner  in  which  the 
iron  will  show  up  in  the  structure. 
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Report  of  Sixth  Annual  Meeting,  held  January  I'.'itl  1ssi>. 


The  meeting  was  called  to  order  at  8.20  i>.  M„  the  President,  Geo.  H.  liuowN.  in  the  rlm.r; 
iftv-six  members  present. 

The  minutes  of  the  last  annual  meeting  were  read  and  approved. 

The  President  read  his  address,  which  was  received  with  applause.  . 

I  Mr  Lucien  Soaife,  from  the  committee  appointed  to  consider  tin-  invitation  to  join  the  mow- 

Dent  far a  cliauge  in  .he  pr . . . 1  of  carryiug on  . . lie . reported  . .  •  ' 

'  ^un'r, lotion  of' Mr'  Metcalf,  the  report  wee  received,  en.i  i.m.le  the  qavW  >•»»“■  ,,f  ",lr 

February  meeting.  ,  ..  , 

Thp  renorts  of  the  Treasurer  and  Secretary  were  read  and  hied. 

I  The  election  for  officers  for  the  ensuing  year  b nng  in  order  and  n  ■  cnndidatesoth.  r  than  t 
presented  at  the  December  meeting  .ring,  on  motion  made,  seconded  and  adopted  by  a  sta  dm 

fote,  the  Secretary  was  instructed  to  wblch  doM’  "" 

announced  the  following  gentlemen  as  the  officers  for  1SSL: 

President,  E.  B.  Taylor;  Vice  President,  S.  B.  Fisher;  Directors,  W  L.  Scaifi  and  V -U 
Phtt'tps*  Secretary  S.  M.  Wickersham;  Treasurer,  A.  E.  P  i;< »s  r. 

'■  0n’  motion  of  Mr.  Metcalf,  it  was  resolved,  That  .1,-  time  for 

chanced  from  the  third  to  the  second  Tuesday  of  February,  in  consequen 

tuteof  Engineers”  meeting  in  Pittsburgh  on  that  day,  and  a  cordial  i.mt  hoi.be  *  J  ~ 
*o  make  use  of  our  rooms  as  thej  seefit;  and  a  committee  composed  of  Messrs.  Si  liiln  hi  k.  It 
Taylob  were  appointed  by  the  President  “  to  welcom.  nd  the  hospitalities  of  oui 

+n  tlm  \merican  Society  of  Mining  Engineers. 

The  Board  reported  favorably  on  the  following  applications  for  membership,  and  they  « ere 

balloted  for  and  approved,  viz. :  _.r  vmvs 

C  M  Bennett,  W.  C.  Stevenson,  Alonzo  11.  Brockett,  \  \\  <  “AN>  Rl( 

Charles  C.  Bothfi  W.  A.  Geisenh  I  M.  \Vilson,  James  HFn/.EL. 

A  recess  of  ten  minutes  was  taken,  when  on  again  coming  . . rder,  Mr.  1  P.  K 

naner  on  “Lon"  Distance  Transportation  of  Natural  Eras.  .  ,  . 

II  . . .  the  discussion  on  th  buto.  .count of  the  lateness  of  the  hour 

the  meeting  adjourned.  SAM L  M  WICKERSHAM. 


Skchetaky. 


A  4 
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LIBRARY  AND  ROOMS. 
Germania  Building. 


SECRETARY  S  OFFICE. 

411  WOOD  STREET 


SYNOPSIS  OF  DISCUSSION  ON  REPORT  OF  COMMITTEE  ON  STATUS 
OF  CIVIL  ENGINEERS  IN  GOVERNMENT  SERVICE. 

Pittsburgh,  February  i»th,  1S8G. 

Mr.  \V.  Lucian  Scaife:  When  this  subject  was  introduced,  it  seemed  to  l>e  the  id*  a  that  its 
bject  was  to  get  the  civil  engineers  to  take  the  place  of  the  military  engineers,  to  raise  their 
rages  and  better  their  position ;  but  now  a  broader  ground  is  taken,  laying  aside  all  personal  in¬ 
vests,  to  see  if  the  present  is  the  best  system  at  the  country’s  disposal  for  carrying  on  public 
,-orks.  Whilst  West  Point  has  produced  many  bright  engineers  for  military  purposes,  it  may  well 
e  thought,  that  if  the  time  devoted  to  those  studies  had  been  given  to  civil  engineering,  they 
,-ould  be  better  prepared  to  fill  their  present  positions  than  they  now  are.  The  military  needs  of 
he  country  are  insignificant  compared  with  its  civil  wants. 

Mr.  Fisher  :  The  other  societies  of  engineers  have  taken  a  broad  view.  The  improvement  of 
he  whole  Mississippi  valley  looms  up;  this  whole  work  is  in  its  infancy.  Nothing  has  been  done, 
om pared  to  what  will  be;  the  work  will  go  on  until  the  whole  net  work  of  streams  will  l>c  do- 

'eloped. 

Mr  Roberts  :  I  was  not  at  first  in  favor  of  this  movement,  but  1  have  changed  my  mind 
fter  reading  the  circulars  and  proceedings  of  the  Cleveland  Engineers  on  the  subject.  1s  t  u- 
onsider  one  fact:  The  Government  appropriates  annually  ten  to  twenty  millions  of  dollars  for  the 
approvement  of  rivers  and  harbors,  and  the  number  of  United  States  Engines  rs  who  have  charge 

f  the  expenditures  of  that  money  amounts  . . lly  seventy.  They  must,  tin  refore.  haw  fir-t-dass 

ssistants  (civil  engineers),  but  as  things  are  now,  whilst  it  is  necessary  to  employ  civil  engineers, 
nd  often  to  give  them  almost  unquestioned  authority  over  the  sub-districts,  yet  under  the  regula- 
ions  they  are  only  subordinates,  with  a  subordinate  salary  ;  for  this  reason,  the  Government  not 

aying  for  it,  does  not  get  the  best  civil  service.  1  think  that  there  is  . . bjection  toth - vent* 

ren  controlling  all  the  movements,  and  being  the  leaders  in  all  theworks.  I  favor  the  app . . 

committee  to  join  with  other  committees  of  other  societies,  and  report  observations  from  . . to 


’ 


Mr.  Dempster:  Five  or  six  years  ago,  the  conflict  l>et\vec*n  Mr.  Eads  and  the  CJowrn- 
nent,  about  the  jetties,  initiated  this  movement,  but  after  two  years’  correspondence,  from  <  >-urt.  -y 
o  the  military  members  of  the  American  Society,  it  was  dropped.  The  Interior,  Tn .miry  and 
\\  ir  Departments  have  now  professional  men  in  them,  from  civil  life,  who  direct  the  matter  « »t 
mblic  buildings  and  architecture.  In  the  improvements  at  Galveston  harbor,  thirteen  million 
iollars  were  expended,  and  the  work  so  poorly  done  that  it  lias  been  entirely  swept  away.  I'  it 
lot  our  duty  as  professional  men,  to  lend  our  influence  to  the  end  that  the  public  works  dial:  1* 
mt  on  a  common  sense  basis  ? 

Mr.  Scaife  :  The  time  for  action  has  come!  Let  the  committee  have  power  to  pro<v.  d  t  < » 
arrv  out  the  recommendations  of  the  Cleveland  Convention. 

Mr.  Roberts  :  Whilst  the  committee  has  power  to  co-operate,  which  word  means  a  great 
leal,  I  think  the  Societv  should  have  always  a  check  line  on  the  committee  it  appoints. 

7  w  w 

Mr.  Buel  :  It  is  expected  by  this  movement  to  bring  about  a  national  system  ot  public 

works. 

Mr.  Davison  :  I  think  all  societies  should  take  a  hand  in  this  work. 

The  debate  was  further  continued  by  Messrs.  Buel,  Scaife,  Brasheaii,  .Iarboe  and 

Dempster,  when  the  following  resolution  was  adopted  : 

Resolved ,  That  the  committee  correspond  with  and  keep  posted  on  all  going  on  in  the  matt*  r, 

and  report  to  the  Society  what  passes  on  the  subject. 

S.  M.  WICKERSHAM. 

Secretary  E.  S.  of  W.  Pa, 
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SYNOPSIS  OF  DISCUSSION  AT  THE  MEETING  HELD  MARCH  1  .  U- 

Wlien  “  Unfinished  Business”  was  called,  the  President  proposed  the  di--n-i.ii.  ..t  Mr. 

Roberts’  paper  on  “  Long  Distance  Transportation  of  <  las.” 

Mr.  M  etc  At.  f  regretted  that  Mr.  Brown,  who  says  Mr.  Roberts  i-  a  «rntig,  t-  "  •< 

here  to-night.  .  ...  .  . 

Mr.  Danse:  If  we  may  liken  gas  to  a  small  boy,  it  is  easier  to  pull  than  to  push  him. 

From  Mr  Roberts’  illustration  of  the  facility  of  ventilating  mines  by  suction,  and  that.  "In  n  t lit 
mines  are  very  tortuous,  and  the  walls  much  rougher  than  the  conduits  to  Ik-  used  for  gu,,  and 
frequently  verv  long,  would  seem  to  point  to  suction  as  the  preferable  method.  A  go.nl  ventila- 
t;on  „ot  with  a  very  small  fen,  and  to  use  a  low  pressure  has  many  advantages.  Indeed, 
would  like  to  hear  any  argument  in  favor  of  high  pressure,  which  up  to  this  tune  1  haw  nm 

heard. 

“The  Needs  of  our  Society." 

Mr  Phillips,  Chairman  of  the  Library  Committee:  Kxcept  for  journals, . >*»»•.'  ha, 

been  spent  on  the  Library  for  some  time,  and  yet  the  additions  to  it  are  not  discreditably  l  ''"  - 
ablv  few  realize  the  value  of  our  collection,  but  we  ought  to  bring  it  up  nearer  to  the  turn,. 
There  are  many  late  works  we  should  have,  but  we  have  not  the  money  to  buy  them. 
Treasurer  informs  me  there  is  81,600  tine  the  Society  ;  if  that  was  paid  in,  we  could  pun-ha*  some 

valuable  works. 

Mr  Metc\lf  :  I  have  thought  a  good  deal  on  this  subject,  and  have  one  or  tw,.,„  .  ,ty 
clear  ideas:  First  to  be  done,  is  to  get  that  money,  and  the  Secretory  might  h 
it  •  the  next  thing  is  to  get  more  papers ;  but  the  real  need  of  the  Society  is  mon  so.  - 

With  o'ood  papers  and  good  discussions  we  feel  that  we  . . I  but  little  more,  home  may  th 

is  creditable  to  the  younger  members  to  give  precedence  to  the  older  ot.es  m  the  debate,,  hut  1  dy 

not  look  upon  1.  in'. ha.  light.  Letthey . .ger  members,  like  th . f  the  Lug  n.  S 

New  York, meet  once  a  week  socially,  when  often  more  good  is  done  and  more  h  inn  '."an 
regular  monthly  meeting;  and  such  meetings  tend  to  stimulate  their  con. 
in  the  formal  debates,  and  thus  add  much  to  the  general  inter.  ' 

carefully  selected  ami  valuable,  and  for  its  size  has . nperior  in  this  country^  I  h.  young  engi¬ 
neers  can  find  much  of  value  there,  both ‘of  records  and  of  pcnudical*.  Much  g-1  . . 

doubt  arise  from  forming  a  social  club,  by  having  a  weekly  meeting. 

Mr.  Fisher  heartily  favored  the  project;  he  was  a  frequent  visitor  to  th.  library,  with 
benefit  Young  men  would  find  an  advantage  in  going  to  the  library  and  study. ng  the 

there  preparatory  to  the  discussions  in  the  Society,  say,  for  instance,  as  on  -I . nge  . . . 

and  old  members  would  not  be  hurt  by  doing  the  same. 


. 


Mr.  Scaife:  I  think  the  project  will  benefit  the  Society.  Perhaps  like  the  Amateur  Phom- 
rranhers,  our  President  might  appoint  a  member  to  give  an  exhibition  of  drawings  mad.  by  him. 
ir  some  researches  on  some  particular  subject ;  or  like  Mr.  Brnshear  did  one  night,  a  very  inter¬ 
till^  exhibit  of  his  own  handiwork  in  astronomical  matters. 

Mr.  Awl  thought  it  was  to  our  disadvantage,  having  our  place  of  meeting  and  our 

brarv  in  different  places;  better  to  pay  more  and  have  the  rooms  connected. 

Member  :  If  the  rooms  were  connected  we  could  keep  them  open  every  '•\emug. 
.vould  Willingly  take  charge  one  evening  in  the  week,  and  no  doubt  other*  would  do  the  nine. 

Mr.  Metcai.f  :  Some  years  ago,  this  same  question  was  agitated,  and  it  went  1:ir  1 
.esio-ns  fora  tire-proof  building  were  made,  estimates  prepared,  and  steps  taken  toward-  nu-me  the 
unds  neces-sarv.  I  believe  that  we  would  have  succeeded  at  that  time  hut  tor  the  unfortunate  nr- 
;u instance  of  Mr.  Carnegie’s  offer.  He  sent  word  to  the  Society  that  he  intende.1  to  recognize  the 
Society  in  the  Board  that  was  to  have  charge  of  the  building,  and  begged  us  not  to  go  on  with  the* 
movement.  It  therefore  seemed  wise  not  to  make  any  further  eflort.  I  'till  hope  to  mi  thi-  S.»  n  t\ 
tave  its  own  building  ;  but  to-day  we  have  not  the  revenue  to  pay  for  a  hall  and  rooms  contiguous. 
If  we  are  to  have  these  social  meetings,  the  younger  members  particularly  must  take  hold  m  i 

natter;  appoint  some  evening  for  holding  them ,  and  it  will  not  matter  at  all  the  location  of  tin- 

room  ;  and  once  started  I  think  it  would  go  on  by  its  own  momentum.  1  he  New  \  ork  hngiiicew 
told  a  social  meeting  every  Saturday,  with  good  effect.  We  have  a  room  paid  tor,  and  if  the  mem  rs 
once  get  in  the  habit  of  meeting  gentlemen  there  for  a  few  hours’  pleasant  conversation,  I  think  it 
will  prove  a  good  thing  for  us  all.  I  do  not  think  it  necessary  to  pass  a  vote  of  thanks  to  the 
American  Iron  Association  for  the  use  of  this  room.  They  are  glad  to  have  us  use  it.  I  hey 
realize  the  importance  of  having  good  engineers,  i  do  not  think  they  look  for  any  vote  of 
thanks.  These  very  same  gentlemen  will  eventually  furnish  us  money  to  have  a  hall  of  our  own. 
In  our  former  designs  the  thing  could  have  been  accomplished  for  830,000,  including  tin-  lot,  and 
when  the  time  comes  again,  I  think  we  can  raise  the  money  without  trouble. 

Mr.  Wickersham  :  I  heartily  approve  the  suggestions  of  Mr.  Metcalf.  I  In-  sm  ,  .  „  ..t 
the  Society  depends  more  on  the  sociality  of  the  members  than  on  any  other  one  point.  As  regard- 
finances,  which  so  often  make  or  break  enterprises,  this  Society  need  not  tear.  We  hav.  three 
hundred  and  twelve  members,  contributing  annually  $1,500,  when  all  pay  up.  «e  have 

§400  or  $500  in  the  treasury,  and  about  $1,600  to  come  in.  The  hack  dues  of  the  past  two  years 
onlv  amounts  to  about  $500  ;  as  it  not  possible  for  all  men  to  be  always  easy  in  money  matter-, 
this  is  not  a  laro-e  sum  to  be  in  arrears,  considering  the  number  ol  our  member-,  mid  their  i- 
scarcelv  a  debt  on  the  list  hut  we  will  get.  Our  outlay,  1  think,  does  not  exceed  si.  100  per 
annum;  our  income,  on  paper,  $1,500.  So  our  income  exceeds  our  outgo,  even  .1  things  remain 
as  now.  Our  rooms  are  good  for  books,  but  unhandy  to  reach,  climbing  so  many  stairs.  I  lie 
record  shows  that  the  visitors  average  about  two  per  day,  Mr.  Fisher  being  the  most  frequent.  I ! 
the  young  men  desire  at  any  time  to  have  asocial  meeting  in  the  rooms,  as  lias  been  suggested, 
and  will  notify,  me,  I  will  see  that  they  are  lighted  and  kept  open  for  them. 

A  motion  was  then  unanimously  adopted  to  hold  a  social  meeting  at  the  library  room-  on 

Thursday  evening,  at  8  i\  M. 

On  motion,  adjourned.  ..... 

S.  M.  WICKERSHAM. 
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EAD’S  PROPOSED  SHIP  RAILWAY  ACROSS  THE  ISTHMUS  OF  TEHUANTEPEC. 


At  a  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania,  held  June  18,  188G,  Mr. 
Alex  Dempster  offered  the  following  preamble 
and  resolutions: 

Whereas.— The  very  eminent  civil  engineer  of 
America  has  undertaken  to  construct  a  ship  railway 
across  the  isthmus  of  Tehuantepec,  which,  when 
completed  and  in  successful  operation,  will  be  a  vast 
benefit  to  the  commercial  nations  of  the  world— more 
especially  on  our  own  and  the  great  Mississippi  basin 
of  which  our  own  valley  is  a  part :  Therefore, 

Resolved ,  That  this  society  expresses  confidence  in 
the  engineering  skill  of  J.  B.  Eads,  to  overcome  all 
the  physical  difficulties  that  may  be  presented,  and 
in  his  efficient  business  qualifications  to  apply  judi¬ 
ciously  the  necessary  funds. 

Resolved,  That  we  request  our  representatives  in 
Congress,  to  aid  the  said  project  by  working  for  the 
passage  of  the  bill  now  pending  for  that  purpose.  ” 

DISCUSSION. 

Mr.  Dempster:— I  may  make  a  remark  or  two 
on  this  topic.  There  has  been,  as  we  are  many 
of  us  aware,  an  inclination  on  the  part  of.  some 
to  belittle  the  ability  of  Mr.  Eads  in  this  matter, 
growing  out  of  the  rivalry  that  has  existed  for 
many  years  between  the  military  and  civil  de¬ 
partments  of  engineering,  more  especially  that 
between  us  since  the  undertaking  of  the  Jetty 
system. 

There  is  a  rivalry  in  different  locations.  You 
know  that  our  eminent  countryman,  Mr.  Thomp¬ 
son,  who  used  to  be  in  the  cabinet,  who  is  now 
the  financier,  or  has  been  the  financial  agent  of  De 
Lesseps  in  the  Panama  Canal,  and  there  has  been 
an  attempt  on  the  part  of  some  to  cut  a  canal 
across  the  Isthmus  of  Nicaragua,  but  with  these 
there  have  arisen  difficulties  which  seem  to  be, 
if  not  insurmountable,  at  least  hard  to  overcome, 
and  bills  have  been  before  Congress  to  abet 
these  schemes  which  have  been  defeated  before, 
but  the  bill  which  is  now  before  Congress,  in  aid 
of  the  Eads  Ship  Railway  guarantees  a  certain 
amount  (I  have  forgotten  the  amount)  w’hich  is 
conditional  on  the  construction  and  successful 
operation  of  the  road.  Not  a  dollar  of  United 
States  money  is  to  be  put  into  it  until  the  road 
is  fully  constructed  and  shows  that  it  is  a  suc¬ 
cess — then  the  United  States  guarantees,  I  think 


to  the  extent  of  seven  millions  and  a  half  of 
dollars  only,  and  that  is  the  bill  that  is  now 
pending  before  the  Senate  of  the  United  States. 

The  condition,  I  repeat,  is  that  the  road  shall 
be  constructed  of  other  money  than  of  United 
States  money,  and  it  shall  be  in  successful  oper¬ 
ation  before  there  is  a  dollar  given  to  aid  the  en¬ 
terprise,  then  there  is  a  certain  amount  given 
yearly,  which  is  not  to  exceed  7£  million  dollars, 
for  the  purpose  of  aiding  the  road,  and  in  return 
American  commerce  is  to  be  transported  at  25 
per  cent,  discount  below  the  regular  tolls  of  the 
road,  and  it  is  to  carry  the  mails  free. 

This  is  the  bill  that  is  pending  and  I  think 
that  it  is  our  duty  to  second  the  effort  that  was 
made  by  the  citizens  and  the  Chamber  of  Com¬ 
merce  in  giving  encouragement  to  the  enter¬ 
prise,  in  asking  our  representatives  to  work  for 
the  passage  of  that  bill. 

If  Mr.  Eads  fails  to  get  the  money  that  is  re¬ 
quired  to  construct  the  road— if  he  fails  to  con¬ 
struct  the  road  or  if  he  fails  in  its  successful 
operation,  then  not  a  dollar  is  to  be  given  by  the 
United  States.  But  if  he  constructs  the  road 
and  puts  it  in  successful  operation  and  carries 
out  his  obligation  to  let  American  commerce  be 
carried  across  at  a  discount  of  25  per  cent.,  then 
the  United  States  is  to  give  a  certain  amount 
annually  for  a  certain  number  of  years,  said 
amount  not  to  exceed  7£  millions  dollars. 

I  think  it  is  a  very  reasonable  request  of  the 
United  States  and  I  think  we  of  the  city  of  Pitts¬ 
burg  ought  to  express  our  confidence  in  the 
ability  of  Mr.  Eads  as  an  engineer,  in  the  pro¬ 
ject  itself  and  in  our  inclination  to  get  that  pros¬ 
ecuted  if  possible. 

I  may  say  in  this  connection  that  so  far  as  the 
Panama  Canal  is  concerned  it  is  a  long  way  in  the 
distance.  There  is  an  American  by  the  name  of 
Bigelow,  I  do  not  know  his  standing  in  business 
or  whether  he  is  an  engineer,  but  at  any  rate  he 
was  sent  down  by  the  New  York  Chamber  of 
Commerce  to  look  into  the  matter  and  report 
the  condition  of  the  work  so  that  they  can  be 
enlightened.  I  suppose  their  course,  in  some 
manner  at  least  would  be  dictated  by  the  report 
he  would  make,  or  controlled  by  the  report. 
That  report  was  to  the  effect  that  about  one- 
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fifth  of  the  work  had  been  done  and  already 
four-fifths  of  the  120,000,000  appropriated  for  the 
work  had  been  spent.  Now  a  good  many  of  us 
know,  and  no  one  better  than  Mr.  Chairman 
himself,  how  estimates  fail  in  the  prosecution  of 
large  work,  that  is,  that  they  overreach  the  ap¬ 
proximate  estimate  unless  matters  that  are  un- 
forseen  are  accounted  for,  which  can  not  be 
done.  This  work  is  just  in  that  condition.  De  Les- 
seps  is  trying  to  get  money.  Why  even  the  com¬ 
missioner  sent  by  the  government  of  France  has 
made  an  unfavorable  report  and  I  do  not  think 
it  is  very  much  to  say,  I  do  not  think  it  requires 
very  much  prophecy  of  foresight  that  that  will 
be  a  long  time  in  completion,  that  the  condition 
is  such  that  financial  men  are  failing  to  come  up 
with  the  amount  of  money  required,  for  if  one 
fifth  of  the  work  is  done  and  four- fifths  of  the 
money  spent  there  is  a  very  poor  prospect  of 
completion. 

I  believe  the  estimated  cost  of  the  Eads’  work 
is  about  £100,000,000.  If  Mr.  Eads,  or  any  other 
party,  begins,  constructs  and  equips  that  road  I 
think  he  ought  to  be  encouraged  to  the  extent 
of  7£  millions  by  the  government  of  the  United 
States.  All  the  inhabitants  of  the  country  will 
be  benefitt-ed  indirectly,  at  least,  because  it  will 
be  a  reduction  of  the  tariff  that  is  placed  on 
commerce,  which  we  all  have  to  pay,  in  an  indi¬ 
rect  way,  in  paying  for  the  products. 

Mr.  Davison: — Suppose  his  road  is  like  the 
Panama  Canal  and  costs  more  than  the  estimated 
one  hundred  millions. 

Mr.  Dempster: — Well,  suppose  he  fails  to  con¬ 
struct  the  road,  no  matter  how  much  it  costs  to 
put  in  successful  operation,  until  he  does  this  no 
money  is  to  be  given  him. 

Mr.  Danse:  —I  have  been  very  much  interest¬ 
ed  in  the  remarks  of  the  gentleman  on  my  right 
here  (Mr.  Dempster).  We  have  been  told  pretty 
frequently  that  Eads  was  going  to  build  this 
road,  that  he  washable  to  build  it,  and  all  that 
kind  of  a  thing.  I  do  not  think  any  of  us  doubt 
Eads’  ability,  so  far  as  adopting  the  resolu¬ 
tion  is  concerned.  I  guess  we  are  all  willing  to 
admit  his  ability  as  an  engineer,  but  I  think  that 
most  of  us  are  pretty  confident  that  while  the 
thing  is  undoubtedly  feasible  and  will  probably 
be  a  success,  so  far  as  merely  operating  is  con¬ 
cerned,  we  are  all  pretty  sure  that  it  will  never 
be  a  financial  success,  and  it  is  a  question  in  my 
mind  whether  the  United  States  Government 
should  undertake  to  bolster  up  a  thing  of  the 
kind,  and  on  that  account  I  am  opposed  to  vot¬ 
ing  in  favor  of  the  resolution. 

Mr.  Dempster: — So  far  as  the  project  is  con¬ 
cerned  it  is  not  nearly  so  visionary  as  was  con¬ 
sidered  the  jetties  of  the  Mississippi  and  the  par¬ 


ties  that  offered  opposition  to  them  from  the  be¬ 
ginning  were  as  confident  as  the  gentleman  they 
would  never  be  completed  and  so  far  as  his 
doubt  is  concerned  neither  he  nor  I  can  appre¬ 
ciate  the  full  force  of  the  benefits  that  will  be 
derived  from  it.  The  Suez  Canal  has  been  a 
success,  and  this  project  I  think  will  be  propor¬ 
tionate  to  that  in  success  because  the  commerce 
will  come  in  this  direction  rather  than  go  around 
the  other  way.  By  this  plan  ships  can  go  across 
the  isthmus  without  breaking  bulk.  The  trans¬ 
portation  from  the  East  Indies,  I  think,  from 
China,  from  Japan,  will  be  much  more  likely  to 
come  this  way  than  go  the  other  way  to  the 
markets  even  of  Europe,  and  I  think  it  is  a  very 
small  matter  to  do.  If  Mr.  Eads  fails  there  is 
nothing  lost — but  his  efforts. 

Mr.  Becker: — I  doubt  very  much  the  pro¬ 
priety  of  the  society,  as  such,  undertaking  to 
lobby  a  scheme,  for  any  purpose.  Personally,  I 
would  not  have  the  slightest  hesitation  in  using 
any  influence  if  I  had  any  with  any  member  of 
Congress  towards  the  furtherance  of  this  pro¬ 
ject,  and  I  think  that  every  other  member  should 
have  the  privilege  of  doing  so,  if  he  sees  proper, 
but  we  should  not  lose  sight  of  the  fact  that 
there  are  at  least  three  distinct  canal  schemes 
now,  either  in  actual  progress  of  construction, 
or  at  least  under  consideration.  There  is  very 
eminent  talent  enlisted  in  all  of  them  and  the 
opinions  of  very  many  prominent  engineers  are 
divided  very  much  as  to  the  feasibility,  practic¬ 
ability,  etc.,  of  these  three  projects. 

I  think  that  it  is  not  likely  that  any  engineer¬ 
ing  society  in  the  country  would  unite  in  the 
recommendation  of  either  of  these  schemes,  no 
matter  what  the  individual  members  might 
think  of  it.  I  do  not  think  the  society,  as  such, 
should  be  induced  or  persuaded  to  volunteer 
any  expression  in  favor  of  either  one  or  the 
other. 

I  have  within  a  few  days  past  received  some 
communications  from  a  friend,  whose  opinion  I 
value  very  highly,  who  has  been  personally  en¬ 
gaged  in  the  service  of  the  Nicaragua  Canal 
scheme  and  he  is  decidedly  in  favor  of  that 
scheme.  I  have  friends,  on  the  other  hand,  who 
have  warmly  endorsed  Mr.  Eads’  scheme,  among 
others  I  might  mention  the  President  of  the 
American  Society,  Captain  Flad,  who  is  per¬ 
haps  as  competent  to  judge  as  anybody  I  know 
of.  I  cite  these  things  merely  to  show  that 
opinions  differ  regarding  these  measures.  I  do 
not  think  that  the  society,  as  such,  has  any  bus- 
ness  to  express  its  general  opinion  or  views  on 
the  subject.  It  can  only  be  a  divided  one  at  best. 

Mr.  Danse: — The  gentleman  who  presented 
the  resolution  seemed  to  have  a  very  decided 
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doubt  in  regard  to  the  construction  of  the  Pan¬ 
ama  Canal,  and  then  he  afterwards  spoke  of  the 
opposition  to  Eads  in  building  the  jetties.  Per¬ 
haps  if  he  will  put  the  two  things  together  he 
will  remember  at  the  time  the  jetties  were  built 
the  people  doubted  the  possibility  of  their  be¬ 
ing  a  success,  just  as  much  as  anybody  may 
doubt  the  possibility  of  the  Panama  Canal  ever 
being  a  success,  or  of  success  anj’where  in  the 
near  future,  and  it  seems  to  me  it  is  a  poor  rule 
that  does  not  work  both  ways  for  the  arguments 
brought  against  one  scheme  might  apply  equally 
well  to  the  other. 

On  the  other  hand,  as  against  the  arguments 
we  have  the  Panama  scheme  started.  We  do 
know  that  one  of  the  heaviest  outlays  of  that 
scheme  was  for  the  enormously  expensive  ma¬ 
chinery,  such  as  had  never  before  been  used  on 
engineering  work  of  the  kind,  and  that  being 
the  case  I  think  we  ought  to  hold  on  for  a  while 
before  condemning  work  of  that  kind. 

As  I  have  said  I  have  not  the  faintest  doubt  of 
the  possibility  of  building  Mr.  Eads’  railway.  I 
do  not  think  any  of  us  have,  but  I  am  very  con¬ 
fident  for  my  part,  that  it  will  not  be  a  financial 
success.  We  have  not  any  authority  in  the  mat¬ 
ter,  only  that  it  was  based  on  the  same  way  as 
the  Panama  Canal  now  is  and  that  Ead’s  jetties 
were.  Therefore  I  quite  agree  with  the  gentle¬ 
man  who  spoke  last  that  the  society  should  not 
take  any  action  in  the  matter. 

Mr.  Jarboe: — So  far  as  the  two  canals  are  con¬ 
cerned,  Suez  and  Panama,  the  one  was  digging  a 
ditch  through  a  sandy  desert,  no  hills;  the  other 
is  digging  a  ditch  through  a  mountain  range. 
Why  the  other  day  only  the  Panama  river  wash¬ 
ed  in,  in  a  flood,  as  much  dirt  in  one  day  as 
could  be  removed  in  three.  In  the  Suez  Canal 
the  greater  part  had  been  dug  once,  but  in  the 
Panama  Canal  there  is  the  Gorgona  (?)  line, 
when  they  come  to  that  part  of  the  canal  there 
will  be  rocks  there  and  they  will  have  to  make  it 
some  600  or  700  feet  deep. 

I  have  been  over  it,  have  surveyed  the  line, 
have  been  over  it  on  horseback,  on  the  railroad 
and  have  walked  over  it  and  know  just  what  is 
before  them. 

Mr.  Dempster: — It  appears  to  me  that  because 
we  cannot  recommend  all  these  schemes  at  once 
it  is  no  reason  why  we  should  not  encourage 
one,  and  that  the  one  we  are  most  interested  in. 
And  I  do  say  it  will  be  no  harm  for  the  So¬ 
ciety  to  pass  this  resolution  and  show  our  dispo¬ 
sition  to  aid  one  along.  Because  there  are  three 
horses  and  we  only  ride  one  that  does  not  say 
that  we  do  not  want  to  ride  the  other  two,  but 
we  cannot  ride  two  or  three  at  once  and  that  is 
the  reason  I  offer  this  resolution  because  the  ac¬ 


tion  had  been  taken  by  the  citizens  before  rela¬ 
tive  to  it  and  I  thought  that  this  societj*  should 
give  the  encouragement  of  its  vote  to  the  same 
purpose. 

Mr.  Wickersham; — As  the  seconder  of  this 
resolution  I  suppose  it  becomes  me  to  give  some 
reason  why  I  did  so.  Whether  the  thing  is  a 
success  or  not  is  not  the  question.  Here  is  a 
project  proposed  by  an  engineer  who  has  won 
our  confidence  by  the  works  he  has  done.  He 
proposes  to  build  this  work  which,  if  success¬ 
fully  accomplished,  is  going  to  be  of  great  ben¬ 
efit  to  us  all.  I  think  there  is  no  difference  of 
opinion  in  regard  to  that.  If  successfully  ac¬ 
complished  it  will  be  a  great  benefit  to  this 
country  particularly— probably  to  all  the  coun¬ 
tries  of  the  world,  but  particularly  to  us. 

Under  this  arrangement  we  incur  no  peculiar 
danger  of  being  called  on  for  any  money  unless 
it  be  a  success.  If  it  is  a  success  who  is  there 
among  us  would  not  want  to  have  the  whole  of 
it,  the  entire  control  of  it,  own  it  all,  because  if 
successful  the  tonnage  that  will  pass  over  that 
road  will  certainly  pay  as  handsomely  as  any¬ 
thing  in  the  known  world,  even  if  the  building 
of  the  other  two  routes  is  accomplished  and  the 
canals  made,  for  there  is  enough  travel  in  the 
world  passing  east  and  west  along  those  three 
lines  to  make  them  all  profitable,  if  all  are  suc¬ 
cessfully  finished,  and  that  they  will  be,  I  do  not 
doubt. 

Speaking  of  the  Panama  Canal,  although  it 
may  cost— suppose  it  costs  double  the  estimate, 
the  French  government  is  committed  to  build  it. 
They  must  build  it,  for  they  are  not  like  the 
government  that  started  the  canal  across  the 
isthmus  of  Corinth  which  stands  to  this  day, 
century  after  century,  a  monument  to  a  great 
work  unfinished. 

Do  not  believe  that  the  French  Government 
of  the  present  day  is  going  to  let  anything 
stand  in  its  way  when  so  much  money  has  al¬ 
ready  been  expended.  They  have  confidence  in 
its  success.  They  will  finish  it,  gentlemen,  do 
not  be  afraid,  they  will  finish  the  canal  across 
the  isthmus  of  Panama,  and  any  one  who  calcu¬ 
lates  on  that  being  abandoned  may  as  well  give 
that  up,  because  the  French  Government  is 
bound  to  build  it,  They  have  the  ability  to  do 
it  for  any  nation  that  could  carry  on  such  a  war 
as  they  did  in  1870-1  and  in  a  few  years  cast  off 
every  vestige  of  that  war  could  build  several 
Panama  Canals  and  not  feel  it. 

I  think,  gentlemen,  that  under  the  circum¬ 
stances  we  ought  to  give  every  encouragement 

to  Mr.  Eads  in  this  work.  We  ought  to  say  that 
we  think  it  is  practicable,  and  why  do  we  doubt 
its  practicability?  He  has  shown  us  plans  that 
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no  engineer  that  I  know  of  has  gainsaid  the  cor¬ 
rectness  of,  or  criticised  as  being  foolish.  I  have 
heard  nobody  object  to  it  as  a  piece  of  machin¬ 
ery.  Look  at  it.  There  is  nothing  but  a  piece 
of  machinery.  No  one  has  said  “There  are  cer¬ 
tain  reasons  why  it  will  not  work.”  No,  nothing 
of  the  kind. 

There  seems  to  be  some  jealousy  on  the  part 
of  each  project  against  the  other,  all  of  which  I 
think  is  wrong.  Let  each  go  to  work  and  build 
their  own  project.  I  would  not  like  to  put  money 
into  this  project,  but  that  is  unnecessary.  He 
asks  us  to  do  so  if  he  is  successful.  He  is  an 
American.  He  is  one  of  us.  Let  us  favor  him 
with  our  little  voice.  To  be  sure  it  won’t  go  far 
or  carry  a  great  ways,  but  it  will  have  some 
weight  and  I  think  as  far  as  we  can  go  let  us  go, 
and  say  go  ahead  to  Mr.  Eads  and  say  to  the  gov¬ 
ernment  “help  him  all  you  can.” 

One  of  the  first  lessons  I  got  in  engineering  as 
a  lad,  was  copying  the  drawings  made  by  Mr. 
Strickland  who  was  sent  out  by  the  State  of 
Pennsylvania  to  study  the  canal  system  of  Eng¬ 
land  and  to  come  home  and  report;  that  we 
might  try  the  improvements,  if  there  was  any¬ 
thing  better  there  than  here,  and  I  have  always 
taken  an  interest  in  canals  since.  Now  if  the 
railroad  across  the  isthmus  of  Tehuantepec  can 
be  built,  as  I  believe,  for  the  man  that  built  the 
St.  Louis  bridge,  I  think  can  build  most  any¬ 
thing,  and  if  he  will  do  it,  I  say  we  ought  to  en¬ 
courage  him  all  in  our  power. 

Mr.  Dempster -One  reason  why  we  should, 


as  a  society,  encourage  this  project  rather  than 
others  is  about  four-fifths  of  the  money  or  at 
least  a  good  portion  of  the  money  that  is  now 
invested  in  this  scheme  is  invested  by  Pitts- 
burgers.  One  of  the  patrons  of  our  society,  who 
has  given  money  for  its  encouragement  and  for 
its  library,  is  largely  interested  in  it,  and  as  our 
townsmen  are  more  interested  in  this  project 
than  any  other,  we  from  Pittsburgh  should  show 
our  appreciation  of  our  Pittsburgh  friend  by 
giving  it  a  vote  of  encouragement. 

Mr.  Becker: — That  would  simply  mean  that 
if  a  lot  of  people  were  interested  in  a  scheme, 
from  New  York,  the  New  York  Engineers  So¬ 
ciety  should  encourage  it,  and  if  people  in  Bal¬ 
timore  invested  money  in  a  scheme,  Balti¬ 
more  engineers  society  should  favor  it.  That 
would  not  convince  me  of  anything.  The  man 
that  invests  has  that  privilege,  of  course.  He 
does  it  for  his  own  personal  reasons  and  if  he 
makes  anything  out  of  it  is  his  gain,  and  if  he 
loses  it  is  his  loss.  I  do  not  think  we  are  called 
upon  to  sympathize  with  a  man  for  his  losses  or 
to  congratulate  him  on  his  financial  success.  As 
a  society  I  do  not  think  we  should  have  anything 
to  do  with  it.  I  am  perfectly  willing  to  encourage 
it  as  an  engineering  enterprise  to  the  full  extent 
of  my  ability  but  I  do  not  think  I  can  be  con¬ 
vinced  that  the  Engineers  Society,  as  such, 
should  cast  a  vote  for  such  a  resolution  as  pre¬ 
sented  here. 

The  matter  was  postponed  until  the  next  meet¬ 
ing  in  September. 


THE  WATER  SUPPLY  OF  ALLEGHENY. 


Engineers’  Society  of  Western  Pennsylvania,) 
Pittsburgh,  September  21st,  1886.  i 

Society  met  this  evening  at  8  o’clock,  thirty  members  being  present.  The  President  and  Vice  President  being 
absent,  Mr.  Geo.  H.  Brown  was  called  to  the  chair.  After  the  regular  routine  business  was  transacted,  the  subject  for 
discussion  for  the  evening  was  announced  by  the  President  to  be  “  The  Water  Supply  of  Allegheny,  Pa.”  The  Secretary 
opened  the  subject  by  reading  the  following  letter  from  J.  If.  Harlow,  President  of  the  Water  and  Gas  Works  Construc¬ 
tion  Company  of  Pittsburgh: 


Pittsburgh,  Sept.  20,  1886. 

S.  M.  WlCKERSHAM,  ESQ., 

Sec.  Engineers ’  Society ,  City. 

Dear  Sir: — I  was  much  surprised  to  see  in  yester¬ 
day  morning’s  paper,  that  I  was  to  speak  on  “the 
necessity  of  extensions  in  the  Allegheny  water  supply,” 
but  as  I  shall  be  several  hundred  miles  from  here, 
I  am  afraid  that  you  will  be  disappointed.  (?)  I  might 
say,  however,  that  while  I  have  not  sufficient  data  to 
base  much  of  an  opinion  on,  I  am  inclined  to  think  a 
change  in  the  source  is  only  a  question  of  a  short  time. 
My  present  impression  is,  that  they  should  be  carried 
up  above  Claremont.  Whether  it  is  wise  to  go  farther, 
I  am  doubtful.  The  proper  method,  it  seems  to  me, 
for  the  City  of  Allegheny  to  arrive  at  a  correct  con¬ 
clusion  on  this  question  is,  to  employ  some  competent 
engineer,  who  shall  give  the  question  a  thorough 
examination  on  all  points.  It  would  be  probably  best 
to  employ  as  chief  engineer  of  this  examination  a  non¬ 
resident,  so  that  he  should  be  entirely  free  from  any 
local  prejudices  or  interests.  My  idea  is,  that  the 
pumping  machinery  should  remain  in  about  its  pre¬ 
sent  position,  and  that  the  water  should  be  brought  to 
the  machinery  by  gravity,  through  a  conduit  which 
shall  extend  up  the  river  to'the  proposed  source.  At 
this  point  some  method  of  filtering  should  be  devised, 
so  as  to  give  Allegheny  clear  water.  Then  the  water 
should  be  pumped  to  the  reservoir  located  on  one  of 
our  hills,  and  have  a  capacity  of  not  much  less  than 
one  hundred  million  (100,000,000)  gallons.  With 
such  hills  as  we  have,  there  is  no  reason  why,  with  the 
proper  system  of  distributing  mains,  we  should  not 
have  sufficient  force  to  throw  water  out  in  case  of  fire, 
without  the  intervention  of  steam  fire  engines.  The 
fire  hydrants  now  used  by  the  city  are  of  very 
poor  design ;  and  in  fact,  so  poor  that  no  town  build¬ 
ing  water  works  now  would  at  all  consider  the  adop¬ 
tion  of  them. 

In  this  I  have  simply  given  you  an  outline  of  some 


of  my  ideas,  which  are  subject  to  change  on  further 
investigation. 

Respectfully  yours, 

Jas.  H.  Harlow. 

Mr.  Brown,  Supt.  of  Pittsburgh  Water  Works :  If 
you  build  a  reservoir  high  enough  to  throw  a  sufficient 
stream  of  water  without  engines,  then  you  will  have  a 
great  many  other  difficulties  to  contend  with.  You 
will  have  a  pressure  in  the  houses  entirely  too  great, 
and  you  will  have  continuously  bursting  pipes,  and 
more  work  for  the  plumbers.  It  would  be  a  good 
thing  for  them. 

But  you  would  have  to  go  to  the  expense  of  laying 
high  pressure  lines  to  supply  the  hose  for  fire  pur¬ 
poses,  hut  for  carrying  a  pressure  to  throw  a  stream 
sufficient  to  carry  over  the  highest  houses,  I  think 
would  be  exceedingly  unwise. 

But  now  I  am  very  glad  that  we  have  here  the 
Superintendent  of  the  Allegheny  Water  Works  (who 
had  just  entered),  and  I  dare  say  he  came  up  here  to 
hear  the  discussion  in  regard  to  the  water  supply,  and 
what  is  said  about  Allegheny.  We  would  be  very  glad 
to  hear  from  him  on  the  subject. 

Mr.  Armstrong,  Supt.  of  Allegheny  Water  Works: 

I  do  not  know  that  I  have  anything  to  say  here  to-  * 
night.  I  came  here  for  information,  hoping  to  hear 
gentlemen  present  discuss  this  matter,  and  anything  1 
can  enlighten  them  on  I  shall  be  pleased  to  do  so. 

I  do  not  know  what  position  gentlemen  have  taken 
here  to-night,  or  what  has  been  said  regarding  the 
water  supply  of  the  city  I  represent,  but  whatever  ha- 
been  said,  I  presume  it  has  been  said  intelligently. 
The  question  of  the  water  supply  is  a  very  serious 
question,  for  it  carries  with  it  the  health  and  sanitary 
condition  of  the  city.  Still  there  is  no  way  that  1 
know  of  that  this  matter  can  be  discussed  thoroughly, 
unless  it  has  been  thoroughly  canvassed,  and  so  far  as 
I  am  personally  concerned,  I  cannot  say  that  I  have 
given  it  that  thorough  canvass  it  ought  to  have. 
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Mr.  Miller,  of  Duquesne  Forge :  I  was  a  little 
amused  to  hear  Mr.  Brown  talking  about  the  “  smell  ” 
of  the  Allegheny  water.  I  have  lived  three  years  in 
Allegheny,  and  have  not  found  the  water  smelling 
vet.  We  have  had  muddy  water,  but  not  to  be  com- 
pared  with  Pittsburgh.  I  think  it  is  far  superior 
to  what  we  have  over  here. 

I  think  Mr.  Armstrong  can  tell  us,  while  here,  that 
the  water  would  be  a  great  deal  purer  if  they  would 
bring  it  from  farther  up  the  river,  a  little  bit  farther 
than  Pittsburgh,  to  get  clear  of  the  refineries,  etc.  I 
think  Mr.  Armstrong  is  quite  competent  to  tell  us  how 
Allegheny  City  should  get  better  water  than  they  have 
at  the  present  time. 

Mr.  Armstrong:  If  it  is  a  question  of  getting  better 
water,  it  is  not  very  hard  to  determine  that  point.  As 
a  matter  of  course,  the  farther  we  go  up  the  Allegheny 
river  the  better  it  will  be ;  but  there  is  something 
behind  all  that.  The  question  is,  Are  we  going  to  do 
good  in  proportion  to  the  expenditure  ?  Because  it  will 
cost  Allegheny  City  a  large  expenditure  of  money  to 
bring  the  water  from  farther  up,  or  from  any  other 
source  than  where  she  takes  it  at  the  present  time. 
She  certainly  will  have  to  go  several  miles  up  the 
Allegheny  river. 

So  far  as  the  impurity  of  the  water  of  the  Alle¬ 
gheny  river  is  concerned,  I  have  not  yet  had  anything 
definite,  that  is,  there  has  been  no  positive  analysis 
made  of  the  water,  and  consequently  we  are  speaking 
merely  from  hearsay,  an  imaginary  position. 

Now,  if  it  should  be  determined  that  the  water  is 
impure,  then  the  question  arises,  Where  are  we  going 
to  get  good  water?  As  a  matter  of  course,  the  farther 
we  go  up  the  purer  the  water  gets,  and  in  reading 
from  the  charter  to-day,  granting  Allegheny  City  the 
right  to  build  water  works,  I  find  that  it  also  gives 
them  the  right  to  prevent  people  from  contaminating 
the  water.  Even  Pittsburgh  would  be  obliged  to  ar¬ 
range  for  her  water  supply  differently.  But  unfortu¬ 
nately,  Allegheny  City  has  been  contaminating  the 
water  herself,  and  in  that  case  we  would  have  to  com¬ 
mence  at  home. 

This  matter  of  impure  water  has  been  talked  of 
from  time  to  time  for  several  years  back,  and  yet  I 
have  heard  an  old  physician  say,  that  he  never  knew 
any  person  to  die  from  drinking  Allegheny  river 
water,  consequently  it  can  not  be  so  bad ;  but  it  is  a 
matter  of  analysis — of  actual  test. 

Mr.  Brown:  Mr.  Miller  thinks  the  Allegheny 
water  is  not  half  as  muddy  as  our  own.  I  would  refer 
him  to  a  chemist.  Mr.  Hunt  made  an  analysis  of 
both  the  water  of  Pittsburgh  and  Allegheny,  each 
sample  taken  from  hydrants.  I  am  sorry  I  have  not 
the  analysis  with  me,  but  it  shows  twice  the  amount  of 
mud,  twice  the  amount  of  free  ammonia,  and  twice  the 
amount  of  poisonous  matter  as  it  contains  in  Pitts¬ 


burgh.  I  am  inclined  to  believe  that  Mr.  Miller  is 
not  a  very  good  judge  of  pure  water. 

Mr.  Armstrong  :  Pittsburgh  litis  a  reservoir  capa¬ 
city  of  100,000,000  gallons  (Brown,  118,000,000),  while 
Allegheny  City  has  but  7£  millions.  Pittsburgh  con¬ 
sumes  in  a  day  about  22,000,000  .  gallons,  and  Alle¬ 
gheny  15,000,000  gallons.  We  empty  our  reservoir 
twice  every  day,  and  you  empty  your  reservoir  every 
three  or  four  days.  We  get  water  in  the  morning 
that  we  pump  in  the  evening,  and  the  water  pumped 
in  the  morning,  we  get  for  tea  in  the  evening,  conse¬ 
quently  we  get  all  the  impurities  passing  through  the 
pipes  of  the  city.  You  have  some  chance  to  settle  in 
the  reservoir. 

Had  we  an  equal  reservoir  capacity,  our  water  would 
get  no  impurer  than  Pittsburgh.  As  to  muddiness,  I 
made  an  examination  of  the  Allegheny  river,  and 
found  it  as  far  up  as  Tarentum  as  muddy  as  in  Pitts¬ 
burgh,  perhaps  muddier.  We  cannot  get  rid  of 
muddy  water.  It  is  only  a  question  of  holding  and 
settling  capacity. 

Mr.  Brown  :  It  is  in  the  water,  for  it  certainly 
would  not  account  for  the  presence  of  twice  the  amount 
of  free  ammonia  and  other  impurities. 

Mr.  Armstrong  :  I  do  not  know  how  you  are  sit¬ 
uated  in  Pittsburgh,  but  in  Allegheny  we  have  some 
pipes  where  the  consumption  of  water  is  very  limited, 
consequently  the  flow  of  water  will  be  much  less  and 
settlings  will  take  place,  and  unfortunately  it  may  be 
that  that  water  that  was  examined  came  from  some 
such  place.  If  you  make  a  continuous  current,  of 
uniform  velocity,  the  condition  of  the  water  will  be 
alike  all  the  time,  or  very  near  alike. 

Question  by  a  Member :  Did  not  the  chemist  take 
the  samples  of  water  that  that  analysis  was  made  from, 
from  the  pipes  ? 

Mr.  Brown:  It  was  taken  from  the  hydrants.  The 
sample  of  Pittsburgh  water  was  from  his  own  hy¬ 
drant  in  his  office,  and  the  Allegheny  taken  from 
some  store  in  Federal  street. 

Mr.  Armstrong:  There  is  a  matter  I  would  like 
the  Association  to  discuss,  and  that  is  regarding  the 
economy  of  getting  pure  water  for  domestic  purposes. 
It  is  this :  Do  vou  not  think  that  we  had  better  trv 
to  encourage  domestic  filtration — that  filters  would  be 
used  in  the  separate  houses  or  by  different  families? 

The  question  of  filtering  large  bodies  of  water  I 
would  rather  not  touch  upon,  but  I  think  it  can  be 
done  successfully  by  small  filters  for  domestic  pur¬ 
poses,  each  house  having  a  distinct  filter.  It  would 
remove  a  great  many  of  the  complaints  that  are  now 
made  regarding  the  condition  of  the  Allegheny  river 
water,  under  certain  circumstances.  To  tell  the  truth, 
I  regard  it  as  most  pure  when  it  is  regarded  as  being 
most  impure,  so  far  as  health  is  concerned.  Whenever 
a  freshet  takes  place,  as  a  matter  of  course  the  banks 


THE  WATER  SUPPLY  OF  ALLEGHENY. 


95 


become  overflowed,  but  it  washes  away  all  impurities, 
and  we  have  the  best  kind  of  water  in  the  Allegheny 
river,  with  this  exception,  that  it  is  muddy.  It  is 
only  a  question  of  removing  that  mud  and  getting 
clear  water,  and  that  can  be  done,  I  think,  very  suc¬ 
cessfully  by  small  filters. 

So  far  as  the  matter  of  sewage  is  concerned,  that  is 
something  that  cannot  be  removed.  That  is  the 
dangerous  element  in  the  water.  But  the  question  is, 
if  you  would  consider  the  volume  of  water  that  ex¬ 
tends  from  here  to  Kittanning,  for  instance,  forty-nine 
miles,  and  that  that  volume  of  water  passes  here  every 
ten  hours,  it  must  be  admitted  that  the  amount  of  im¬ 
purities  that  enters  into  the  Allegheny  river  must  be 
a  very  small  quantity  in  proportion  to  the  volume  of 
water  (passing  out.  I  have  oftentimes,  for  my  own 
personal  information,  taken  a  skiff’  and  crossed  the 
Allegheny  river,  examining  where  our  intake  pipes 
are  laid,  and  the  result  was  that  where  the  pipes  are 
located  the  water  was  perfectly  clear  during  a  low 
stage  of  water.  There  was  nothing  of  a  discoloration 
of  the  water  that  I  could  perceive,  but  the  closer  you 
get  the  more  the  discoloration  takes  place ;  but  I  do 
not  think  that  the  sewage  reaches  our  intake  pipes. 
The  only  way  is  by  a  freshet.  The  banks  being  cov¬ 
ered  with  refuse  matter,  the  first  flow  of  water  carries 
that  down  and  works  it  out  to  the  centre  of  the  river, 
but  at  an  ordinary  stage  of  water  it  does  not  reach 
our  intake  pipes. 

The  last  pipe,  I  had  the  channel  of  the  river 
drenched  out  six  feet  deep,  but  the  current  of  the 
river  has  covered  it  over  and  has  made  the  bed  of  the 
river  as  smooth  as  a  floor.  You  cannot  find  the  pipe 
unless  you  go  right  where  it  is  located.  I  cannot  say, 
then,  that  we  get  any  of  this  sewage  matter.  It  cer¬ 
tainly  keeps  on  the  surface,  and  must  pass  over  our 
intake  pipe.  If  a  close  examination  was  made  of  the 
pipe  of  the  two  cities,  I  believe  Pittsburgh  would  be 
found  to  be  as  bad  as  we  are.  The  old  pipes  that 
have  been  laid  twenty-five  or  thirty  years  ago,  have 
been  gradually  getting  the  impurities  from  the  water, 
and  the  orifice  gets  smaller  and  smaller.  For  instance, 
four  or  six  inch  pipes  I  have  taken  up,  I  have  found 
where  the  cross  section  did  not  exceed  over  two  inches, 
showing  that  the  water  is  continuously  giving  out  its 
impurities. 

Mr.  Brown  :  In  regard  to  the  filtering  process,  it 
is  the  correct  thing.  If  you  do  not  wish  to  extend  the 
reservoir  capacity  you  can  adapt  this  system,  so  as  to 
get  rid  of  the  settlings,  by  having  each  house  filter  its 
own  water.  Some  people  have  asked  for  filtering 
beds,  but  when  they  would  come  to  find  out  t lie  ex¬ 


pense  in  constructing  them,  they  would  be  the  first  to 
have  it  8top{>ed.  For  filtering  beds  for  the  city  of 
Pittsburgh,  it  would  not  take  less  than  half  a  million 
dollars  to  construct  them,  and  would  require  from 
thirty  thousand  dollars  to  fifty  thousand  dollars  |»er 
year  to  maintain  them. 

Of  course  these  figures  are  only  estimates.  They 
may  be  very  wide  of  the  mark,  but  that  is  the  l>e>t  of 
my  judgment  in  the  matter,  and  I  think  the  amount 
of  money  put  into  filtering  beds  can  be  far  more  eco¬ 
nomically  used  in  having  a  more  extensive  reservoir 
capacity.  I  do  not  think  there  is  any  question  as  to 
that. 

Filtering  beds  are  never  employed,  so  far  as  I  know, 
except  in  small  towns  that  require  only  a  very  limited 
supply.  In  some  places  where  they  use  them,  a  good 
size  house  filter  would  filter  all  required. 

Question  bv  a  Member:  How  long  does  it  take  to 
settle  ? 

Mr.  Brown  :  That  depends  altogether  on  the  water, 
but  take  the  Monongahela  river,  it  will  take  two  week-, 
because  it  has  in  it  that  very  fine  silt  in  suspension. 
I  do  not  know  how  it  is  with  Allegheny,  but  with 
us  the  water  of  that  river,  after  a  freshet,  requires 
never  less  than  eight  or  nine  days,  when  the  water  be¬ 
gins  very  quickly  to  clear  up.  If  you  had  a  supply,  a 
storage  supply  of  say  ten  to  fifteen  days,  then  we  could 
pump  into  a  different  basin  and  let  it  settle.  If  we 
had  thirty  days’  storage  capacity,  allowing  fifteen 
days  for  each  reservoir,  then  we  would  have  always 
clear  water. 

Question  by  a  Member:  Would  exj>osing  the  water 
to  the  air  for  a  length  of  time  restore  its  clearness? 

Mr.  Brown  :  No,  not  for  that  length  of  time,  in 
such  large  quantities.  In  small  quantities,  I  supj>ose 
it  would.  I  do  not  think  it  would  in  large  quantities. 
You  take  lakes,  where  there  is  no  visible  outlet  or 
inlet,  the  water  will  keep  pure.  It  always  seem>  to 
be  pure.  It  does  not  seem  to  be  contaminated  at  all. 
A  great  many  fresh  water  lakes  must  be  fed  by  springs 
so  as  to  keep  up  the  waste  by  evaporation.  That 
would  be  all  the  circulation  it  has. 

By  a  Member:  That  would  tend  to  show  that  there 
is  a  certain  amount  of  purification  going  on. 

Mr.  Brown  :  Yes,  I  suppose  there  would  be.  That 
is  a  subject  I  could  not  speak  definitely  on. 

On  motion,  the  discussion  was  |>ostponed  and  the 
meeting  adjourned. 

S.  M.  WICK KBSII AM, 

Secretary. 
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Engineers’  Society  of  Western  Pennsylvania, 

At  t lie  regular  meeting  of  the  Society  held  October  19th,  18S<>,  Mr.  Dempster  in  the  chair,  discussion  was  continued 
on  “  The  Water  Supply  in  Allegheny.” 


Mr.  Phillips:  I  do  not  know  that  I  can  say  any¬ 
thing  at  all  to  throw  light  on  the  present  question.  I 
carried  out  some  examinations  of  the  water  in  the 
spring  of  1883  and  fall  of  1884.  The  conditions  were 
so  different  then  from  what  they  are  now,  that  what 
was  true  then  would  not  be  true  now. 

I  understand  that  one  of  the  questions  that  come  up 
at  the  last  meeting  was,  where  the  source  of  the  sup¬ 
ply  could  be  looked  for,  if  not  from  the  Allegheny 
river.  If  you  take  the  census  of  population  from 
some  of  the  different  water-sheds,  as  well  as  I  remem¬ 
ber  now,  the  city  of  Rochester  has  the  first  place 
among  the  large  cities,  with  a  population  of  thirty- 
six  to  the  square  mile  of  water-shed.  Then  the 
next  one  is  Pittsburgh.  Taking  the  census  of  1880, 
and  counting  the  population  very  carefully,  dividing 
the  counties  in  the  whole  region  drained  bv  the  Alle¬ 
gheny,  I  estimate  it  as  52.6  to  the  square  mile.  Now 
New  York  City  is  supplied  from  a  region  where 
there  is  a  population  of  sixty-five  to  the  square  mile. 
Philadelphia  has  two  hundred.  Of  course,  this  is  not 
counting  the  population  in  the  cities  themselves,  that 
is,  Pittsburgh,  Philadelphia,  New  York,  etc.  It  is 
the  population  higher  up  the  stream  that  would  affect 
the  water. 

If  the  Allegheny  water  has  so  small  an  amount  of 
drainage,  relatively  speaking,  why  should  it  not  be 
perfectly  good  yet  ?  I  do  not  see  that  we  need  go  very 
far  to  look  for  a  source.  My  examination  of  the  water 
led  to  the  following  result :  I  found  that  the  Pitts¬ 
burgh  water,  if  the  quantity  of  nitrogenous  matter  in 
the  Pittsburgh  water  is  represented  by  the  number  11, 
that  of  Allegheny  would  be  represented  by  the  num¬ 
ber  12.  That  is,  there  is  a  very  slight  difference'  in 
favor  of  Pittsburgh — 12  parts  of  nitrogenous  organic 
matter  in  the  water  as  it  comes  down  from  the  Alle¬ 
gheny,  where  there  are  about  11  in  the  water  supply 
of  Pittsburgh.  These  figures  represent  the  average  of 
seventy -seven  tests  of  Pittsburgh  water  and  of  about 
one  hundred  and  fifty  tests  of  Allegheny  City  water. 
The  Pittsburgh  sewers  help  to  add  to  the  impurities 
of  Allegheny  City  water.  According  to  Wanklyn, 


drinking  water  should  not  contain  much  more  than 
ten  to  twelve  parts  of  albuminoid  ammonia  in  one 
hundred  millions. 

I  am  afraid  that  I  am  simply  going  over  old  ground 

in  mentioning  these  facts,  that  I  am  saying  nothing 

new  at  all,  so  that  you  will  have  to  excuse  me  ;  but  as 

I  said,  I  have  not  made  any  tests  of  water  lately.  I 

consider  single  tests  as  of  doubtful  value,  because  the 

quantities  looked  for  are  so  infinitesimal  as  compared 

with  ordinary  chemical  work.  To  determine  one  part 

of  anv  substance  in  a  hundred  millions  is  a  verv  deli- 
» 

cate  operation,  and  here  in  the  case  of  the  water 
supply  it  is  often  a  question  of  one  or  two  parts  of 
nitrogenous  matter  in  a  hundred  millions. 

There  is  a  more  important  reason,  however,  that  is, 
the  daily  variation  of  the  amount  of  such  nitrogenous 
matter  in  the  same  water.  In  the  Allegheny  City 
water  I  have  found  it  to  vary  from  two  parts  to  more 
than  twenty  parts  in  one  hundred  millions. 

Mr.  Davis:  My  idea  of  the  Allegheny  water  is, 
that  it  is  good .  Very  few  cities  have  as  good  source  of 
supply  as  is  afforded  by  this  river.  Some  years  ago, 
when  city  engineer  of  Allegheny,  I  had  occasion  to 
give  this  matter  some  study. 

In  1870  Councils  appointed  a  committee,  consisting 
of  Water  Committee,  Superintendent  of  Water  Works, 
and  City  Engineer,  to  examine  the  subject  of  water 
supply.  They  submitted  a  report  (this  was  printed  in 
pamphlet  form)  and  recommended  that  for  future  sup¬ 
ply  of  the  city  the  watershould  be  taken  from  Hilling’s 
eddy,  at  the  Narrows,  a  point  up  the  river  some  ten 
miles  above  the  present  pumping  works.  I  still  l»e- 
lieve  this  to  be  the  best  place  to  draw  water  from. 
The  water  has  better  depth  here  than  at  any  point 
below.  The  deep  water  comes  in  close  to  shore.  The 
hills  are  high  and  precipitous.  There  is  no  room  on 
the  shore  for  any  large  collection  of  dwellings  or  man¬ 
ufactories  to  foul  the  water.  The  river  water  as  sup¬ 
plied  now  cannot  be  regarded  as  unwholesome.  It 
contains  considerable  sediment  after  heavy  rains. 
This  condition  of  water  continues  longer  than  it 
otherwise  would  on  account  of  the  interruption  of  the 
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current,  imposed  by  the  operation  of  the  dam  in  the 
Ohio  below  the  city.  This  dam  makes  a  pool  which 
extends  at  least  a  half  mile  above  the  pumping  works. 

Before  the  dam  was  erected  the  muddy  water  was 
soon  carried  past  the  city  by  the  current ;  now  it  is 
held  back,  and  as  a  consequence  turbid  water  is  sup¬ 
plied  for  a  longer  time. 

The  appearance  of  the  water  in  the  vicinity  of  the 
water  works,  when  the  dam  has  been  up  for  anv  length 
of  time,  is  not  inviting.  The  light  refuse  and  waste 
thrown  in  the  stream  floats  on  the  surface,  and  as 
there  is  no  sensible  current  this  soon  forms  a  consider¬ 
able  accumulation,  especially  near  the  shores,  and 
gives  the  impression  of  foul  water.  Of  course  the  in¬ 
creased  depth  given  by  the  dam  makes  the  supply 
comparatively  free  from  such  surface  impurities,  as 
the  water  can  be  drawn  from  a  depth  below  the 
surface. 

The  contamination  of  water  by  sewage  is  as  yet 
hardly  appreciable,  as  the  quantity  of  sewage  dis¬ 
charged  is  so  small  compared  with  the  volume  of  water 
running  in  the  river;  but  as  the  districts  in  the  valley 
above  become  more  thickly  settled  and  manufactories 
are  extended,  the  river  will  receive  a  great  deal  more 
waste,  and  the  dam,  in  periods  of  drouth,  will,  by  re¬ 
tarding  the  flow  and  creating  a  pool,  retain  the  sewage 
and  seriously  affect  the  purity  of  water. 

The  low  water  flow  of  the  Allegheny  is  estimated  at 
10,000  gallons  per  second.  The  minimum  flow  of  the 
two  rivers,  Allegheny  and  Monongahela,  as  measured 
in  1879,  by  Mr.  William  Martin,  Assistant  Engineer 
Davis  Island  Dam,  is  12,267  gallons  per  second.  The 
area  of  the  drainage  basin  of  the  Allegheny  is  about 
12,900  square  miles. 

The  dam,  at  low  water  stages,  as  before  mentioned, 
affects  the  purity  of  the  Allegheny  water  to  some  ex¬ 
tent,  by  making  the  movement  of  water  sluggish,  and 
by  giving  more  time  for  the  filth  entering  the  river 
above  to  permeate  the  mass.  This  turbid  condition  of 
water  promotes  deposit  also,  which  in  course  of  time 
will  be  a  source  of  annoyance. 

Summer  freshets  will  not  have  the  same  effect  in 
scouring  the  river  bed  and  cleansing  the  margins  they 
otherwise  would.  On  this  account,  and  in  view  of  the 
probability  of  the  early  construction  of  a  dam  in  the 
Allegheny  at  the  head  of  the  present  pool,  above  the 
water  works,  which  will  back  the  water  above  Sharps- 
burg,  or  to  a  point  near  Pittsburgh  pumping  station, 
making  a  second  pool  some  six  miles  in  length,  I 
think  it  would  be  desirable  to  have  the  supply  drawn 
from  the  point  named.  The  valley  on  the  right  bank 
for  some  eight  miles  above  Allegheny,  will  in  the  near 
future  be  taken  up  with  manufactories  and  dwellings 
(the  opposite  bank,  for  the  greater  part  of  this  dis¬ 
tance  is  already  so  occupied). 

There  are  now  competing  railroads  in  part  of  this 


valley,  and  there  are  three  main  gas  supply  lines  ex¬ 
tending  through  it. 

The  sewage  of  the  settlements  on  both  sides  of  the 
river  will  naturally  be  discharged  into  it.  It  is  a 
difficult  matter  to  prevent  the  streams  from  being 
made  the  receptacles  of  sewage.  In  England  efforts 
have  been  made  to  prevent  the  pollution  of  streams 
by  stringent  legislation,  but  without  avail. 

It  has  been  suggested  that  the  water  might  be  fil¬ 
tered.  Artificial  filtering  beds  Avere  proposed  for  the 
St.  Louis  water  works  in  connection  with  settling  res¬ 
ervoirs  at  Bissel’s  Point,  but  that  feature  was  never 
carried  out,  the  settling  basins  doing  the  work  very 
satisfactorily. 

Lowell  and  Providence  have  had  some  experience 
with  filtering  galleries.  In  both  cases  they  have 
proved  unsatisfactory.  Newark  used  a  natural  filtering 
bed,  but  it  did  not  work  well ;  the  fine  sand  and  clay 
soon  silted  up  the  gravel,  and  made  the  filter  inopera¬ 
tive. 

In  the  neighborhood  of  the  point  proposed  for 
source  of  supply  and  pumping  works,  there  is  favor¬ 
able  ground  for  reservoir  purposes. 

The  storage  and  settling  reservoir  should  have  a  ca¬ 
pacity  of  eighty  or  one  hundred  million  gallons,  so  as 
to  give  four  or  five  days’  supply  to  a  population  of 
one  hundred  and  fifty  thousand. 

This  reservoir  should  be  placed  at  an  elevation  of 
some  two  hundred  and  sixty  or  two  hundred  and 
eighty  feet  above  the  river,  so  that  the  water  after 
settlement  could  be  delivered  to  the  Troy  Hill  basin. 
This  latter  should  be  enlarged  to  double  its  present 
capacity,  or  to  hold  at  least  eighteen  million  gallons. 
This  would  give  a  good  distributing  reservoir  in  the 
heart  of  the  distribution,  at  an  elevation  of  some  two 
hundred  and  twenty  feet  above  the  river. 

This  basin  will  give  a  good  head  of  water,  without 
causing  extra  strain  on  the  plumbing,  in  the  thickly 
built  up  parts  of  the  city.  It  commands  a  district  of 
about  three  and  a  half  square  miles,  or  one-half  of  the 
present  city  area.  The  enlargement  can  be  made  by 
extending  the  reservoir  out  to  the  point  of  the  hill 
and  raising  the  flow  line.  The  slopes  of  hill  should 
be  protected  and  the  reservoir  grounds  beautified. 

Above  that  level  there  should  be  separate  pumping 
works  similar  to  those  now  used  on  some  of  the  hills  ; 
these  are  isolated  points,  and  should  be  treated  inde¬ 
pendently. 

Mr.  Harlow  mentioned  in  connection  with  filtering 
water,  that  the  supply  should  be  brought  to  present 
works  by  conduit  and  then  pumped  to  a  large  reservoir 
located  on  one  of  our  hills.  In  my  examination  of 
grounds  for  reservoir  sites,  I  found  very  few  places 
suitable. 

The  elevations  of  hills  back  of  city  range  from  fou  r 
hundred  to  five  hundred  and  fifty  and  even  to  six  hun  - 
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dred  feet,  and  most  of  these  are  a  long  distance  back 
from  river.  The  intervening  ravines  or  depressions, 
where  they  reach  the  proper  elevation,  are  too  broad, 
or  are  objectionable  in  other  ways,  to  take  advantage 
of  for  reservoir  sites,  as  has  been  done  elsewhere, 
notably  at  Cincinnati. 

Reineman’s  Hill  gives  a  good  location  in  some  re¬ 
spects,  though  it  has  the  objection  of  excessive  height, 
and  the  further  objection  of  being,  in  part,  honey¬ 
combed  in  mining  for  coal.  Pittsburgh  has  had  some 
experience  in  this  line,  I  believe,  at  Herron  Hill 
reservoir. 

The  delivery  main  from  the  reservoir  up  the  river 
to  the  Troy  Hill  reservoir  would  supply  the  settlements 
along  the  line  above  the  city.  The  route  for  this  main 
would  be,  preferably,  by  the  line  of  the  West  Penn. 
Railroad. 

A  supply  can  be  obtained  from  the  head  waters  of 
the  Kiskeminetas  and  Conemaugh,  but  it  would  be  at 
a  cost  disproportionate  to  its  advantages ;  there  is  fall 
enough,  and  by  the  use  of  large  storage  reservoirs  at 
the  sources,  excellent  water  can  be  obtained. 

Such  a  project  will  not  likely  be  seriously  considered 
soon.  I  think  we  have  good  water  near  us  in  the  Alle¬ 
gheny.  We  have  only  to  go  above  the  thickly  set¬ 
tled  districts  and  above  the  proposed  pool  to  reach  it. 

As  a  sanitary  measure,  the  local  sewage,  or  the  bulk 
of  it  at  least,  should  be  intercepted  and  carried  to  a 
point  beyond  the  limits  of  the  city,  below  Davis  Island 
dam. 

This  is  especially  necessary  now'  since  the  dam  is  in 
operation,  as  the  river,  during  the  period  of  low  water, 
is  made  a  sluggish  pool. 

The  small  streams  discharging  into  the  river  in  vic¬ 
inity  of  present  pumping  works,  and  above  on  both 
sides  of  the  river,  are  used  as  sew'ers. 

Mr.  Danse  :  I  rise  for  information.  I  would  like 
to  ask  the  gentleman  what  the  distance  is  to  Hilling’s 
eddy  ? 

Mr.  Davis:  About  ten  miles,  or  scarcely  ten  miles. 
I  would  like  any  of  the  gentleman  who  are  visit¬ 
ing  up  that  way  to  inspect  this  place.  I  think  it  the 
proper  place,  and  you  w'ould  be  pleased  with  the  loca¬ 
tion. 

Mr.  Scaife:  I  noticed  in  the  report  of  the  last 
meeting,  that  the  Superintendent  of  the  Allegheny 
Water  Works  had  said  that  he  believed  the  Allegheny 
water  was  purest  when  it  was  muddiest.  If  I  under¬ 
stood  Mr.  Phillips  aright  in  conversation  with  him  to¬ 
day,  he  said  that  in  his  chemical  examination  of  the 
water  he  found  more  nitrogenous  matter  in  it  w  hen  the 
river  was  high  than  when  it  was  low. 

Moreover,  Mr.  Davis  has  expressed  the  idea  that 
when  the  wickets  of  the  Davis  Island  dam  are  up,  the 
water  is  not  as  pure  as  when  they  are  down,  owing  to 
the  back  water.  Nowr,  if  the  muddy  water  drags  along 


nitrogenous  substances,  and  therefore  liecome*  more 
impure,  will  not  the  river  water  Ik*  purer  when  the 
dam  is  raised  and  a  settling  is  going  on  in  the  back 
water,  than  it  would  be  in  a  strong  current  ? 

Mr.  Phillips:  I  found  that  with  very  muddy  water 
there  was  about  five  times  as  much  nitrogenous  matter 
as  in  the  clearer  water.  That  wasspecially  at  the  time 
of  the  great  flood  in  18K4 — in  February  or  the  begin¬ 
ning  of  March,  1884. 

I  have  found  that  the  water,  when  so  low  as  to-be 
below  the  lowest  mark  at  the  bridge,  was  very  pure. 
It  did  not  look  so,  but  it  was  very  pure,  purer  than 
when  it  was  very  high.  In  fact  the  amount  of  impur¬ 
ity  is  in  direct  proportion  to  the  rainfall  and  depth 
of  water.  The  deeper  the  water  the  less  the  purity. 

The  less  the  current  the  less  the  impurities,  the 
greater  the  current  the  greater  the  impurities.  It  was 
so  when  I  made  my  tests,  in  June,  and  was  so  during 
October,  November  and  December,  of  the  same  year, 
1883. 

Mr.  Dempster:  Mr.  Phillips,  how  do  you  account 
for  that,  ivas  it  an  eddy? 

Mr.  Phillips  :  The  water  was  taken  from  a  hy¬ 
drant  in  the  city,  on  North  Avenue.  It  only  shows 
that  when  there  are  floods,  more  of  the  general  drain¬ 
age  is  washed  down. 

Mr.  Danse:  Don’t  you  think  that  was  due  to  the 
fact  that  where  the  water  was  very  shallow  there  was 
greater  opportunity  for  oxidation  ? 

Mr.  Phillips:  Yes,  I  think  it  was  (although  I  do 
not  know  that  that  would  fully  account  for  it),  because 
wdien  the  water  is  running  very  fast,  the  movement  of 
eddies  should  promote  oxidation. 

Mr.  Wickersham  :  It  was  once  said,  in  the  p  resen  ee 
of  Benjamin  Franklin,  that  if  a  tub  was  tilled  with 
water  and  a  ten  pound  fish  put  in,  it  would  not  weigh 
any  more,  and  Franklin  was  asked  why  it  was  so.  Well, 
he  said,  before  I  give  a  decision  on  that  point,  l  would 
like  to  see  the  experiment  tried.  I  would  ask  the 
gentlemen  if  there  is  any  instance  of  any  person  in 
Allegheny,  having  been  poisoned  or  made  sick  bv  the 
impurity  of  the  water,  that  is  through  any  poison  sup¬ 
plied  through  the  hydrants.  1  never  heard  of  a  case  of 
that  kind,  and  I  don’t  think  a  case  has  ever  occurred 
unless  through  local  causes  in  the  pipes.  Water  may 
stand  for  a  long  time  in  a  lead  pipe  and  gradually,  not 
being  drained  off,  may  take  up  some  of  the  deleterious 
matter  from  the  lead  and  may  make  a  little  sickness, 
but  the  people  have  never  been  injured  by  taking 
water  from  our  river.  I  have  no  evidence  of  it. 

It  was  said  at  our  last  meeting  that  the  water  after 
a  freshet  was  purer  than  after  a  long  drouth,  and  I 
think  it  is  very  reasonable  to  think  it  may  be  so,  for 
the  very  current  will  remove  impurities  that  other¬ 
wise  would  be  in  the  water.  And  I  can  readily  con¬ 
ceive  that  muddy  water  after  it  has  settled  a  little 
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may  be  better  than  before  it  Avas  muddied.  I  do  not 
think  it  is  a  hard  tiling  to  conceive  of  it  at  all. 

Then  another  thing  was  said  at  our  last  meeting, 
that  the  influent  pipes  were  placed  in  the  middle  of 
the  river,  that  in  times  of  high  water  the  water  that 
runs  down,  all  runs  over  the  influent  pipes,  that  the 
impurities  were  carried  over  it  and  none  sunk  down, 
and  in  times  of  low  water  these  things  all  kept  near 
the  shore. 

Mr.  Armstrong  told  us  that  the  water,  in  very  low 
water,  was  good  at  the  influent  pipe,  and  clear.  Now, 
if  that  is  so,  it  seems  to  me  the  whole  question  is 
narrowed  down  to,  where  is  the  best  place  to  get  water 
with  the  least  impurities?  It  is  a  matter  of  import¬ 
ance  because  it  concerns  the  health  of  the  people.  If 
you  can  get  above  the  source  of  impurity,  so  much  the 
better. 

In  Allegheny  Ave  have  to  look  fonvard  to  supplying 
a  much  larger  district  than  at  present.  Our  line  Avill 
soon  embrace  Sharpsburg  on  the  one  river,  and  I  do  not 
knoAv  Iioav  far  down  the  river,  but  1  think  to  Lowery’s 
run.  It  is  likely  Ave  shall  have  to  supply  in  a  feAV 
years  a  population  of  at  least  150,000  people,  and  Ave 
need  some  more  extensive  supply  than  we  ha\re  now ; 
but  Avhen  Ave  think  of  the  immense  amount  of  water 
that  floAA'S  doAvn  the  Allegheny  river,  and  compare  it 
with  the  quantity  required  for  the  city’s  use,  Ave  need 
not  fear  any  bad  results  from  the  impurities  which 
And  tlieir  way  into  it ;  but  an  increased  quantity  Ave 
must  have,  and  Ave  ought  to  go  for  it,  to  whatever 
point  required,  Avliere  it  is  noAv  uncontaminated  and 
not  likely  to  be  for  some  time  to  come. 

Mr.  A.  E.  Hunt  :  The  analyses  referred  to  by  Mr. 
BroAvn,  in  the  paper  that  Avas  sent  out  of  the  transac¬ 
tions  of  the  last  meeting,  Avere  relative  to  the  compar¬ 
ative  purity  of  the  water  furnished  through  the  city 
conduits  of  Pittsburgh  and  Allegheny  City.  The 
samples  from  which  the  analyses  Avere  made,  were 
taken  on  August  6th,  1886  ;  the  one  at  32  Federal 
street,  Allegheny  City,  and  the  other  at  our  laboratory, 
at  98  Fourth  avenue,  Pittsburgh. 

Before  discussing  the  relative  merits  of  the  tAvo 
samples,  I  Avill  first  explain  Avliat  the  measures  of  im¬ 
purity  in  samples  of  water  really  are. 

Chemists  analyze  suspected  Avaters  for  free  ammonia, 
albuminoid  ammonia  and  chlorine,  as  indicating,  or 
rather  as  evidence  of  impurity.  I  say  eA'idence  of  im¬ 
purities  because  these  chemical  substances  are  not 
the  impurities,  are  not  the  poisonous  elements  in  the 
Avater. 

I  have  read  quite  a  number  of  articles  lately,  in 
which  the  Avriters  expatiate  learnedly  on  various  water 
analyses,  and  talk  of  the  poisonous  and  deadly  amounts 
of  ammonia  and  chlorine  in  the  Avaters.  These  are 
not  the  poisons  that  are  in  the  water — they  are  simply 
the  evidences  that  sIioav  Iioav  much  poison,  Iioav  much 


sewage,  Iioav  much  animal  or  vegetable  refuse  in  a 
state  ol  putrescent  fermentation  is  in  solution  in  the 
Avater,  and  with  this  explanation,  I  Avould  claim  that 
the  analyses  of  the  Pittsburgh  and  Allegheny  Avaters, 
neither  of  them  shoAV  an  alarming  state  of  affairs,  but 
rather  a  comparative  freedom  from  impurities.  I 
make  this  statement  qualifiedly,  that  is,  that  these 
analyses  show  the  comparative  freedom  from  impuri¬ 
ties;  however,  I  certainly  agree  with  Prof.  Phillips, 
that  these  tAvo  analyses  are  too  feAv  to  generalize  on  ; 
but  I  Avould,  however,  take  exceptions  to  the  infer¬ 
ence  which  is  implied  by  the  professor— that  the 
almost  infinitesimal  amounts,  as  in  the  feAv  parts  per 
million,  is  very  difficult  to  determine  analytically, 
for  the  Avonderfully  delicate  test  of  Nessler  has  made 
these  determinations,  in  the  hands  of  a  reasonably 
skillful  analyst,  certain  and  reliable. 

The  folloAving  are  the  results  of  the  analyses,  placed 
side  by  side  for  comparison  : 


Allegheny  Water. 

Parts  per 
million. 

Pittsburgh  Water. 

Parts  per 
million. 

Free  Ammonia . 

.05 

.02 

Albuminoid  Ammonia . 

.03 

.04 

Chlorine . 

13.00 

12.00 

Total  Solids . 

137.50 

87.30 

Silica . 

32.10 

13.80 

Oxide  of  Iron . 

2.10 

1.80 

Carbonate  of  Lime . 

40.00 

30.00 

Sulphate  of  Magnesia . 

5.00 

5.50 

Carbonate  of  Magnesia . 

15.40 

8.10 

Carbonate  of  Soda  &  Potash. 

21.50 

8.10 

Chloride  of  Soda  &  Potash . . 

21.40 

19.70 

Before  I  sit  doAvn  I  would  call  the  attention  of  the 
members  of  the  Society  to  something  that  ought  to  be 
of  interest  to  us  all,  and  that  is  noAv  being  Avorked  up 
by  eminent  chemists.  AVhat  has  been  found  out  by 
experts  so  far,  is,  that  the  ammonia  indicates  seAvage, 
and  that  the  sewage  has  in  it  minute  germ  growths 
that  can  be  seen  by  a  microscope.  It  is  a  question  not 
yet  settled  by  chemists  and  biologists,  Avliether  these 
germs  are  a  vegetable  or  animal  groAvth,  but  they  are 
similar  to  the  germs  that  cause  fermentation — you 
knoAv  that  there  are  several  kinds  of  fermentation,  one 
of  them  is  the  alcoholic,  requiring  the  yeast  germs  to 
produce  it  in  saccharine  solutions ;  this  kind  of  fermen¬ 
tation  I  need  not  say  anything  more  about  to  the 
members  of  this  SocietAr,  as  manv  of  them  have  ex- 
perimented  with  it  in  many  Avays.  The  second  is  the 
acetic  fermentation,  as  in  making  vinegar  with  its 
superinducing  germs,  existing  in  the  gelatinous  sub¬ 
stance,  the  houseAvife  calls  the  “mother;”  another 
form  is  what  is  called  the  putrescent.  In  any  one  of 
these  forms  of  fermentation  there  needs  to  be  a  germ  or 
spore.  It  is  a  little  organism  that  is  needed  to  cause 
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the  fermentation  to  start.  It  is  something  that  some¬ 
times  exists  in  the  air,  that  finds  a  fertile  home  in 
water  fouled  by  impurities,  and  is  transmitted  in  many 
ways;  and  it  is  the  cause  of  the  fermentation. 

Pasteur  says  that  it  is  the  inoculation  of  the  system 
with  these  germs  that  causes  rabies  in  dogs,  that  in  a 
varied  form  causes  typhoid  fever.  He  says  that  in 
the  blood  there  is  something  of  the  same  form  going 
on  in  consumption,  and  he  believes  that  many  of  the 
forms  of  disease,  which  man  is  cursed  with,  are  really 
due  to  these  minute  organism,  which  exist  in  nature, 
in  putrescent  matter. 

Certain  it  is,  that  the  particular  poisonous  ingred¬ 
ients  in  water,  which  we  are  now  discussing,  are  not 
the  ammonia  salts  nor  the  chloride  of  soda,  which 
are  harmless;  it  is  not  the  free  ammonia,  or  the  al¬ 
buminoid  ammonia,  but  it  lies  in  these  things  which 
the  chemists  cannot  get  into  such  shape  as  to  be  able 
to  separate  and  determine  chemically ;  so  that  I  have 
a  further  reason  for  qualifying  my  statement  that  the 
analyses  given  above  do  not  condemn  the  samples  of 
water  for  portable  purposes,  for  I  do  not  believe  that 
the  chemical  analyses  alone  should  be  taken  as  indica¬ 
tive  of  the  purity  of  the  water,  but  simply  as  an 
indication  of  its  character. 

Mr.  Scaife:  I  am  glad  that  Mr.  Hunt  has  brought 
up  that  last  point.  I  was  about  to  ask  a  question  in 
regard  to  it.  Should  we  not  look  beyond  salts  and 
mere  chemicals,  as  poisons  in  the  w  ater,  to  the  organic 
germs  it  may  contain  ? 

Some  years  ago,  I  visited  a  meteorological  observa¬ 
tory  in  Paris.  The  gentleman  in  charge  show'ed  me 
an  arrangement  for  collecting  the  germs  floating  in 
the  air.  He  said  that  the  air  at  all  times  contained 
germs  in  greater  or  less  numbers,  and  that  he  could 
tell  the  general  condition  of  health  in  the  city  by  the 
germs  which  came  floating  to  the  observatory.  They 
were  first  examined  under  the  microscope ;  then  sub¬ 
jected  to  a  kind  of  culture  in  order  to  develop  them, 
and  to  show  what  they  w-ould  grow  to.  After  that  it 
w-as  proposed  to  inoculate  animals  with  them,  and  by 
watching  the  results,  to  determine  their  probable  in¬ 
fluence  upon  the  health  of  the  people;  and  finally,  to 
learn  by  experiment  what  w-ould  destroy  the  germs. 

As  our  river  waters  are  likely  to  contain  similar 
germs,  may  not  their  presence  account  for  a  portion, 
at  least,  of  these  nitrogenous  substances?  To  deter¬ 
mine  the  quantity  of  the  latter  is  the  province  of  the 
chemist ;  but  then,  should  not  the  physician  step  in 
with  his  microscope  and  examine  the  germs  them¬ 
selves,  subject  them  to  culture,  and  find  what  effect 
they  may  have  on  the  human  system?  If  that  w-ere 
done,  perhaps  some  remedy  might  be  discovered  to 
counteract  them,  so  as  to  prevent  and  cure  diseases  re¬ 
sulting  from  them.  The  absence  of  such  germs  might 


also  account  for  the  fact  which  Prof.  Phillips  men¬ 
tioned  to  me  to-day,  that  epidemics  do  not  always 
occur  when  the  water  is  bad — that  is,  when  chemical 
examination  shows  the  water  to  be  bad,  according  to 
the  standards  that  have  been  given,  wherein  their 
presence  might  produce  much  sickness  in  water  chem¬ 
ically  potable.  I  think,  therefore,  it  might  be  well 
for  our  chemists  to  take  competent  physicians  into 
partnership ;  and  when  called  upon  for  an  analysis  of 
water,  as  to  its  hygienic  properties,  to  give  not  only  a 
chemical  analysis,  but  also  what  might  be  called  a 
biological  analysis. 

Mr.  Phillips  :  I  think  Mr.  Scaife  is  exactly  right, 
but  one  difficulty  is  the  quantity  and  variety  of  these 
organisms,  so  great  that  no  one  can  define  their 
effects.  In  connection  with  the  work  of  the  Lon¬ 
don  Commission  on  the  Thames  w-ater,  they  have 
employed  some  of  the  first  biologists  in  England, 
among  them  Dr.  Lancaster,  who  stated  that  he 
found,  I  think,  over  thirty-two  to  thirty-eight  differ¬ 
ent  kinds  in  a  single  sample  of  water,  and  that  is  noth¬ 
ing  unusual.  Many  of  them  are  known  to  be  abso¬ 
lutely  harmless.  The  great  difficulty  with  the  chemical 
methods  of  determining  the  nitrogenous  matter,  would 
make  this  all  the  more  desirable  if  it  could  be  done, 
because  the  nitrogenous  matter  of  the  Allegheny 
water  will  vary  from  day  to  day,  and  from  two  parts 
in  a  hundred  million  to  twenty,  which  is  an  enor¬ 
mous  variation,  so  great  that  a  biological  method 
of  examination  w-ould  be  very  desirable.  At  pres¬ 
ent  the  biologists  are  not  prepared  to  settle  the 
question  as  to  the  safety  of  drinking  water,  although 
it  is  desirable  to  know  something  about,  and  we  must 
fall  back  upon  the  chemical  methods. 

Mr.  Dempster:  I  am  a  little  practical.  We  have 
the  Allegheny  river  water — that  is  the  best  we  have 
and  all  we  have.  The  question  will  be,  however, 
where,  in  the  Allegheny  river,  is  the  best  place  to  get 
pure  water — the  best  and  cheapest.  Now,  if  I  were  a 
member  of  Allegheny  Councils  1  would  look  at  both 
those  elements.  The  water  up  about  Claremont  is  as 
good  as  any  place  on  the  river.  I  have  seen  the  place, 
and  I  think  a  very  economical  arrangement  can  be 
made  by  making  use  of  the  unfortunates  who  go  up 
to  Claremont,  and  with  their  aid  the  citizens  of  Alle¬ 
gheny  City  could  find  no  better  way. 

The  question  as  to  the  purity  of  water  in  the  time  of 
freshets  or  in  currents — the  fact  is,  that  currents  over 
pebbly  beds  will  purify  the  water,  and  that  stagnation 
will  hold  the  water  and  w  ill  hold  the  impurities  in  the 
water.  In  times  of  floods  the  impure  matter  is  washed 
down  from  the  banks  of  every  little  stream  and  is 
carried  with  the  current,  and  the  amount  of  impure 
matter  will  be  at  maximum;  while  in  the  time  of  low- 
water  there  is  very  little  in  it.  The  water  from  the 
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head  waters  is  pure,  because  in  coming  down  it  flows 
over  pebbles,  as  you  can  learn  bv  taking  water  from 
above  and  below  a  riffle. 

Mr.  Danse  gave  some  experience  and  some  data 
lie  had  gathered  while  boating  on  the  Allegheny,  to 


the  effect  that  the  water  was  very  much  better  at 
some  times  than  at  others,  and  that  he  had  seen  no 
perceptible  coloring  or  trace  of  impurity  at  the 
mouth  of  the  influent  pipes;  after  which  the  Society 
adjourned. 
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November  16th,  l£86. 

The  Engineers’  Society  of  Western  Pennsylvania,  E.  B.  Taylor,  President,  in  the  chair,  met,  and  after  their 
routine  business,  continued  the  discussion  of  “The  Water  Supply  of  Allegheny.”  Mr.  T.  P.  Roberts,  Chief  Engi¬ 
neer  of  the  Monongahela  Navigation  Company,  read  the  following  paper: 


THE  OXYGEN  TEST. 

When  is  Water  Unlit  to  Drink  ? 

The  following  brief  paper,  by  Prof.  Albert  R. 
Leeds,  I  have  never  seen  elsewhere  in  print,  save  in 
the  report  of  the  Philadelphia  Water  Department  for 
1875.  In  the  belief  that  it  will  prove  interesting  to 
those  who  have  not  seen  it,  I  venture  to  read  it  here. 
A  careful  study  of  it,  in  connection  with  Prof.  Phillips’ 
able  paper  read  before  our  society  some  time  ago,  sup¬ 
plemented  by  his  remarks  and  those  of  Prof.  Hunt  at 
our  last  meeting,  will,  I  am  sure,  assist  in  allaying  the 
feeling  of  alarm  manifested  by  many  citizens  in  regard 
to  the  character  of  the  water  in  the  Allegheny  river. 
That  stream,  I  am  quite  convinced,  is  to-day,  six  or 
seven  miles  above  its  mouth,  as  pure  and  wholesome  as 
when  Washington  stood  on  the  site  of  the  future  Fort 
Duquesne,  and  pronounced  it  a  (t  good  place  for  a  fort.” 

“  There  is  perhaps  no  question  more  important  to  the 
inhabitants  of  many  cities,  nor  one  which  more  severely 
taxes  the  resources  of  applied  science,  than  the  deter¬ 
mination  of  the  fitness  or  unfitness  of  a  water  supply. 
The  difficulty  arises  from  the  fact  that,  in  some  cases,  a 
water  may  have  taste,  smell,  color,  and  a  considerable 
amount  of  foreign  matter,  and  at  the  same  time  be 
drank  with  little  or  no  injury  ;*  while  another  water, 
which  is  agreeable  to  the  taste,  limpid,  colorless,  and 
with  little  foreign  matter,  may  yet  contain  abundant 
sources  of  disease. 

“  The  literature  of  the  subject  shows  that  there  are 
two  classes  of  thinkers,  one  of  which  puts  great  faith 
in  the  efficacy  of  natural  agencies  to  bring  about  the 

•Allegheny  City  draws  its  water  supply  from  a  point  less  than 
a  mile  above  the  mouth  of  the  river.  At  times,  it  is  possible, 
some  of  the  manufacturing  refuse,  etc  ,  from  sewers  on  that 
side  of  the  river,  above  this  point,  may  reach  the  influent  bipe, 
Hence  the  complaint  of  the  *•  smell”  to  the  water,  sometimes 
heard,  etc.  Others,  however,  drawing  from  different  hydrants, 
will  deny  that  there  is  any  such  smell.  Both  may  be  right. 
To  settle  this  point  in  dispute,  regard  must  he  had  first  to  the 
time  in  which  the  water  has  had  to  ferment  in  the  pipes  ; 
second,  to  the  difference  in  temperature  of  the  respective 
hydrants.  Thus  I  know  of  hydrants  in  Pittsburgh,  probably 
near  **  dead  ends  ’’  little  drawn  upon,  with  the  pipes  laid  deep, 
or  in  the  shade  more  than  usual,  which  furnisn  potable  water 
in  the  hottest,  days  of  summer.  On  the  route  of  mains  largely 
drawn  upon,  the  earth  surrounding  the  pipes  late  in  the  sum¬ 
mer  approximates  in  temperature  thatof  the  water  in  the  river. 
The  pipe  lines  are  certainly  distributors  of  heat.  T.  P.  It. 


purification  of  polluted  streams  ;  the  other  which  con¬ 
tends  that  the  only  safe  plan  is  to  reject  water  which 
has  ever  been  contaminated  by  sewage,  etc.  The 
evidence  elicited  by  the  Royal  Commission  on  the 
water  supply  of  London  is  that  principally  quoted  by 
both  classes,  and  cannot  be  regarded  as  conclusive. 
The  rapid  extension  of  our  knowledge  in  this  branch 
of  sanitary  chemistry  is  such,  however,  that  we  may 
anticipate  greater  certainty  in  these  matters,  and 
imparts  great  interest  to  some  recently  published 
methods  of  investigation.  Any  one  who  refers  to 
analyses  made  a  few  years  back,  will  find  that  it  was 
deemed  sufficient  to  give  the  character  and  amount  of 
the  mineral  substances  contained  in  the  water,  while 
the  organic  and  volatile  substances  were  expressed  in 
a  sum  total,  no  attempt  being  made  to  determine  their 
precise  character.  But,  except  in  cases  where  the 
mineral  substances  were  positively  deleterious  or  exces¬ 
sive  in  quantity,  this  did  not  settle  the  question.  Of 
late,  the  greatest  attention  has  been  paid  to  the  organic 
constituents,  and  the  analyses  state  what  amount  of 
putrefiable  matter  is  present.  A  careful  determination 
is  also  made  of  the  amount  of  ammonia  and  of  nitrous 
and  nitric  acids.  These  are  regarded  as  the  forms 
which  the  organic  matter  in  large  part  assumes  after 
it  has  passed  through  the  putrefiable  stage,  and  indi¬ 
cate,  therefore,  the  degree  of  previous  contamination. 

“  But  it  is  said,  and  with  truth,  that  all  these  things 
maybe  known  to  a  wonderful  degree  of  nicety,  and  yet 
there  may  be  substances  present  capable  of  rendering 
the  water  altogether  unsafe  for  drinking.  It  is  urged 
that  the  living  organism  is  exceedingly  sensitive  to 
substances  whose  capacity  for  injury  is  fatal,  even 
when  present  in  amount  so  small  as  to  render  their 
weighing,  and  even  detection,  impossible.  But  of 
late  the  fauna  and  flora  of  water  courses  have  l>een 
studied,  with  a  view  of  learning  what  assistance  they 
could  be  in  the  matter,  and  the  results  are  highly 
encouraging.* 

“  It  has  long  been  known  that  dissolved  oryrjcn  played 

•Profs.  Phillips  and  H not  both  refer  to  tin*  value  of  micro¬ 
scopic  research  in  conjum-tion  with  chemical  analysis  in  the 
investigation  of  drinking  waters. 
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a  great  part  in  the  purification  of  streams,  and  was  the 
principal  agent  by  which  putrefiable  substances  were 
broken  up  and  were  converted  into  harmless  inorganic 
compounds.  A  recent  essay  by  M.  Geradin,  to  which 
the  prize  was  awarded  by  the  Paris  Academy  of 
Sciences,  contains  some  striking  results  obtained  by 
the  above  mentioned  methods  of  investigation.  These 
methods,  to  summarize,  were : 

“  1.  A  determination  of  the  amount  of  oxygen  held 
in  solution. 

“  2.  An  observation  of  green  plants  and  aquatic 
mollusks. 

“  3.  A  microscopic  examination  of  algte  and 
infusoria. 

“  It  is  claimed  that  the  results  obtained  by  these  three 
methods  were  identical,  and  that,  where  the  water  was 
clear,  with  abundance  of  fish,  water-cress,  etc.,  the 
water  contained  a  correspondingly  large  amount  of 
oxygen ;  while  in  places  where  the  dissolved  oxygen 
was  small,  fish  and  the  higher  types  of  aquatic  plants 
were  wanting,  and  certain  low  forms  of  vegetable 
growth  had  taken  their  place.  The  river  Yesle,  in 
France,  from  Rheims  to  Braisne,  was  taken  as  the 
field  of  observation.  It  was  studied  over  a  distance  of 
thirty-seven  and  a  half  miles,  during  which  it  received 
the  sewage  of  one  large  town  (that  of  Rheims,  the 
daily  flow  of  which  amounts  to  4,180,000  gallons),  and 
other  impurities.  Above  Rheims,  the  water  (which 
was  clear,  wholesome,  and  with  abundance  of  fish, 
charas,  water-cress,  ivis,  etc.,)  contained  0.66  cubic 
inch  oxvgen  in  sixtv-one  cubic  inches  of  water.  In 
passing  through  a  suburb  above  Rheims,  the  Yesle 
received  the  refuse  of  some  dye  works,  which  colored 
the  water,  and  in  place  of  the  fish  and  water-cress, 
sparganium  simplex  makes  its  appearance.  At  a  point 
where  the  water  had  received  the  contents  of  the  five 
principal  sewers  of  Rheims,  the  water  was  thoroughly 
polluted  and  contained  but  0.03  cubic  inch  of  oxygen 
in  sixty-one  cubic  inches.  Two  species  of  cilgce,  the 
biggiatoa  alba  and  the  oscillaria  nataus,  were  developed 
largely,  the  latter  to  such  an  extent  that  the  whole 
surface  of  the  sluggish  water  was  covered  with  a  thick 
blackish  coat. 

“  Above  the  mill  at  Macan,  where  the  oxygen  had 
increased  to  0.45  cubic  inches,  the  two  varieties  algce 
above  mentioned  had  disappeared,  and  the  bed  of  the 
Yesle  was  covered  with  a  long  whitish  alga  called 
hyphoethrix. 

“At  Compense  mill  the  oxygen  had  increased  to 
0.5  cubic  inch,  the  hyphcethrix  had  almost  completely 
disappeared,  and  the  sparganium  simplex  was  again 
abundant.  Below  this  point,  the  amount  of  oxygen 
increased,  and  with  it  a  corresponding  change  took 
place  in  the  vegetation,  until  at  Braisne  the  water 
contained  0.66  cubic  inch  of  oxygen  per  litre,  all 


traces  of  pollution  had  disappeared,  and  fish  and  water 
cress  flourished.* 

“  From  this  it  would  appear  that  a  properly  areated 
and  pure  water  showed,  when  polluted,  the  amount  of 
pollution  by  a  corresponding  diminution  of  oxygen, 
by  the  appearance  of  sparganium  simplex ,  spirogyra, 
hyphcethrix,  6iggiatoa  and  ossilaria,  and  progressive 
improvement  by  a  corresponding  increase  of  oxygen, 
and  the  appearance  of  these  plants  in  the  reverse 
order.  It  remains  for  us  to  apply  and  extend  this 
knowledge  to  our  own  streams.  Fortunately,  the 
means  are  not  wanting,  since  the  great  monograph  on 
the  fresh  water  algce,  magnificently  illustrated  with 
plates,  by  Dr.  II.  C.  Flood,  which  was  not  published 
by  the  American  Philosophical  Society,  has  been 
recently  printed  by  the  Smithsonian  Institute.” 

I  have  for  ten  years,  in  the  course  of  travel,  and 
while  engaged  in  surveys  along  streams,  kept  in  mind 
the  oxvgen  test  for  the  purity  of  their  waters,  by 
observation  on  their  fish  life — necessarilv  confining 
myself  to  this  division  of  the  subject  for  want  of  the 
facilities  and  time  to  devote  to  the  vegetable  and 
microscopic  organisms  in  the  water,  but  I  would  com¬ 
mend  these  departments  to  those  who  have  the  time 
and  the  instruments,  as  promising  fields  for  the 
development  of  information  of  the  greatest  practical 
value  to  the  people  of  our  country. 

Our  country  is  so  rapidly  being  populated  and  cov¬ 
ered  with  great  cities  and  towns,  that  the  question  of 
a  pure  water  supply  for  them  demands  in  many  cases 
the  application  of  all  our  means  of  knowledge.  Too 
often  the  question  of  the  source  of  water  supply  is  left 
to  engineers  for  settlement,  whose  sole  care  is  that  the 
pipes  be  large  and  strong  enough,  the  reservoirs  tight, 
and  the  engines  equal  to  every  demand — and  it  is  a 
great  thing  to  know  how  to  do  all  this. 

Allied  with  his  practical  knowledge,  the  hydraulic 
engineer  should  acquaint  himself  with  every  known 
mean^  to  guard  the  health  of  the  community  he  is 
called  upon  to  serve ;  and  if  he  feels  himself  deficient 
in  any  respect,  should  not  hesitate  to  call  in  the  aid 
of  the  specialists.  “All  things  work  together  for  the 
advancement  of  knowledge,”  and  our  profession  at 
large  is  doing  yeoman’s  service  in  the  good  cause. 

These  remarks  have  little  to  do  with  the  fish  test 
question,  but  they  seem  to  be  justified  by  the  times 
which  demand  a  definition  of  the  duties  and  position 
of  the  hydraulic  engineer,  whom  it  is  generally  con¬ 
ceded,  occupies  the  topmost  rung  of  the  broad  and 
high  ladder  of  engineering  science 

The  fish  in  the  Allegheny  river  afford,  I  think,  an 
exemplification  of  M.  Geradin’s  theory,  for  they  appear 


*It  is  unfortunate  that  distances  from  point  to  point,  original 
volume  of  streams,  and  volume  of  tributaries,  if  any,  are  not 
here  given.  T.  P.  R. 
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to  be  competent  judges  of  its  purity  as  far  as  concerns 
their  own  welfare,  as  I  will  proceed  to  show. 

During  the  years  1878-9  I  conducted  surveys  and 
works  for  the  improvement  of  this  stream  for  the 
government,  under  Col.  Merrill,  U.  S.  Corps  of  Engi¬ 
neers,  which  included  all  the  distance  between  Pitts¬ 
burgh  and  Olean,  N.  Y.  255  miles.  It  is  to  be 
recollected  that  at  Pittsburgh  this  river  drains  ap¬ 
proximately  13,000  square  miles  of  comparatively 
sparsely  populated  country,  not  a  single  town  upon  it 
possessing  a  sewage  system,  and  that  in  its  lowest  stages 
it  discharges  not  less  than  500,000  gallons  per  minute.* 
It  has  about  four  times  the  area  of  water-shed  and  dis¬ 
charge  that  the  Schuylkill  has,  and  as  compared  with 
that  stream  receives  certainly  not  one-twentieth  of  the 
amount  of  sewage  matter  above  our  city  limits.  We 
should  say,  therefore,  having  regard  to  these  facts,  that 
it  is  contaminated  to  the  extent  of  only  one-eightieth 
of  that  stream,  if  indeed  so  much.  If,  thus,  the  Schuyl¬ 
kill  still  furnishes  water  not  yet  proved  to  be  unwhole¬ 
some  at  Philadelphia  (though  there  are  grounds  for 
doubt  on  this  point),  we  need  have  no  fear  concerning 
the  purity  of  the  Allegheny  as  a  source  of  water 
supply  for  generations  to  come.  I  would  say  this 
even  if  the  stream  was  slack-watered.  Philadelphia 
draws  her  supply  from  a  dam.  No  river  of  its  size  in 
the  world  has  ever  been  dangerously  contaminated  by 
sewage  matter.  The  slight  indications  of  ammonia 
found  in  it  by  Profs.  Phillips  and  Hunt,  from  samples 
gathered  from  a  point  suspected  of  being  bad,  could 
doubtless  be  found  in  nearly  equal  proportions  at  its 
head-waters,  the  product  of  the  decay  of  pure  forms  of 
vegetable  matter,  f 

Yet  notwithstanding  the  purity  of  the  river,  the  fish 
in  its  waters  seem  to  be  gradually  disappearing  over 
certain  areas  of  its  course  in  a  peculiar  manner,  but  in 
a  way  easily  to  be  explained,  and  preventable  by  the 
exercise  of  a  little  backbone  in  our  Legislature. 

Thus,  for  a  long  distance  below  Olean  we  found  but 
few  game  fish;  thence  for  some  distance  above  Oil  City 
they  appeared  to  be  more  plenty,  and  were  at  their 
maximum  just  above  that  point.  Relow  Oil  City  for 
a  distance  of  seventy-five  miles  not  a  single  bass  or 
salmon  was  to  be  found  ;  gradually,  however,  they 
began  to  make  their  appearance  again,  and  just  above 
Freeport,  100  miles  below  Oil  City,  they  were  seen 
in  astonishing  numbers  as  though  penned  up  in  the 
pools  (unfortunately  for  us  they  would  seldom  offer  to 
take  our  minnow  bait).  At  Freeport  they  again  sud¬ 
denly  disappeared,  and  were  just  beginning  to  be  seen 

♦Several  years  may  pass  before  the  river  reaches  so  biurII  a 
discharge. 

tWhen  a  man  thinks  his  water  smells  and  tastes  bad,  it  does 
do  it  so  far  as  he  is  concerned.  We  are  the  creatures  of  imagi¬ 
nation  more  than  we  can  readily  believe.  On  moral  grounds, 
therefore,  it  would  be  safe — if  no  other  presented — to  urge  the 
removal  of  the  Allegheny  water  works  higher  up  the  river. 


again  twenty  miles  below  when  we  crossed  the  city 
line,  and  then  they  disappeared  again. 

There  are  oil  refineries  at  Olean,  Oil  City  and  Free¬ 
port,  and  the  refuse  acid  front  these  establishments 
clearly  accounts  for  the  entire  trouble  in  the  fish 
family.  We  observed  that  the  habitat  of  common 
fish,  such  as  sun  fish  and  stickers,  was  nearer  to  the 
source  of  contamination  than  the  high  mettled  salmon 
and  bass,  and  that  the  so-called  alligator — fish  or 
reptile,  which  ever  it  is — could  exist  close  to  the 
establishments-  I  have  no  doubt  they  would  flourish  in 
a  sewer,  for  they  seem  to  have  wonderful  vitality,  and 
probably  consume  little  oxygen.  During  all  the  time 
I  was  engaged  on  this  work  the  river  was  low,  and  I 
could  frequently  see  the  bottom  of  the  river  in  tin- 
long,  deep  pools  where  it  was  sixteen  feet  deep. 

I  mention  these  Allegheny  fish  merely  to  illustrate 
the  possible  value  of  fish  in  determining  the  con¬ 
stituency  of  the  water.  The  chemist  takes  but  a  gal¬ 
lon  or  two  for  analysis;  but  the  fish  spend  their  entire 
lives  in  it,  swimming  miles  daily  and  breathing  it 
continually,  and  to  them  its  percentage  of  free  oxygen 
is  of  the  most  vital  importance.  Human  invalids  ex 
perience  a  benefit  very  frequently  by  “a  change  of  air.' 
so  called,  though  possibly  no  chemical  analysis  would 
show  that  in  moving  from  place  to  place  the  con¬ 
stituents  of  the  atmosphere  they  breathe  had  change  1, 
still  we  cannot  assert  confidently  that  the  air  is  the 
same  at  two  points  of  equal  altitude,  etc.  The  lungs 
very  likely  are  capable  of  noting  ditlerences  too  deli¬ 
cate  for  the  chemist’s  measure,  so  in  the  case  of  our  fish, 
it  is  problematical  whether  even  five  miles  below  Oil 
City  the  most  careful  analysis  would  have  indicated 
the  presence  of  any  sulphuric  acid  in  the  water. 

Several  years  ago,  upon  the  starting  up  of  the  coal 
washers  after  a  period  of  idleness,  on  Jacob’s  creek,  a 
branch  of  the  Youghiogheny  river,  the  discharge  of 
pvritous  water  into  that  stream  caused  the  precipitate 
retreat  of  all  the  fish,  many  thousands  dying  as  though 
actually  poisoned — 1  will  not  undertake  to  sav  whether 
they  were  poisoned,  or  simply  asphyxiated  Re  this 
as  it  may,  the  water  of  the  Yough  though  visibly  de¬ 
colored  in  this  instance,  for  ten  miles  below  the  mouth 
of  Jacob’s  creek,  was  not  injurious  to  human  beings 
or  cattle.  However,  on  this  point  of  acid  in  our  rivers, 
I  can  mention  that  it  is  noticeable  in  the  jhh>1s  of  the 
Monongahela  Navigation,  that  the  iron  parts  of  lock 
gates  below  water  surface  oxidize  more  rapidly  now 
than  formerly,  when  the  coal  mines  were  not  ><>  nu¬ 
merous,  and  also,  that  this  effect  is  more  noticeable  in 
the  lower  than  in  the  upper  dams. 

Acid  instead  of  being  injurious  to  us  in  our  drinking 
water,  may  be  really  beneficial.  This  argument  should 
not  be  taken  as  an  endorsement  of  a  too  free  indulgence 
in  “( >ld  Monongahela.” 
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But  to  return  to  the  fish— if  they  are  such  expert 
judges  of  the  acidulation  of  water,  they  are  no  doubt 
equally  exact  analysts  of  its  degree  of  oxygen  at  times. 
Is  it  not  possible,  also,  that  sometimes  the  acids  from 
coal  mines  absorb  the  oxygen  of  the  rivers  to  such  an 
extent  as  to  suffocate  them  ? 

And  on  the  general  merits  of  M.  Geradin’s  propo¬ 
sition,  can  oxygen  be  in  normal  proportion  in  water, 
in  the  presence  of  vegetable  or  animal  impurities? 
It  would  appear  to  me  the  irresistible  tendency  of  oxy¬ 
gen  to  combine  with  them,  and  form  innocuous  salts, 
or  mineral  compounds,  would  make  this  impossible. 
If  Geradin  is  right,  it  would  follow  that  we  have  no 
more  certain  and  positive  test  of  the  purity  of  the 
water  in  any  stream,  than  can  be  afforded  by  a  study 
of  its  animal  and  vegetable  life. 

Mr.  Phillips  :  Certainly  oxygen  in  the  water 
would  be  a  condition  in  the  life  of  fish ;  there  is  no 
doubt  about  that.  There  is  a  fixed  normal  quantity  of 
oxygen  held  in  solution  in  water  under  given  conditions 
of  pressure  and  temperature.  The  ratio  of  oxygen  to 
nitrogen  is  constant  only  in  pure  water,  however.  In 
one  hundred  parts  (volumes)  of  air  dissolved  in  water 
the  oxygen  is  36  per  cent,  the  remainder  nitrogen. 
This  is  true  of  pure  water  exposed  to  air. 

They  have  made  tests  as  to  this  on  the  Thames. 
Wanklyn  records  results  obtained  there.  Samples  of 
Thames  water  were  taken  from  different  parts  of  the 
river.  It  was  found  that  above  the  city  the  proportion 
of  oxygen  was  about  the  normal.  When  they  came 
within  the  city  limits  of  London,  the  oxygen  dimin¬ 
ished  and  gave  place  to  carbonic  acid.  The  carbonic 
acid  was  the  product  of  the  oxidation  of  the  organic 
matters  of  the  water  ;  that  is,  London  sewage.  Going 
down  below  the  city  the  proportion  of  carbonic  acid 
increased  and  the  oxygen  fell  off  almost  to  nothing. 
Going  still  further  along  the  stream,  they  found  that  the 
oxygen  increased  again  and  the  carbonic  acid  dimin¬ 
ished,  so  that  in  the  main  the  proportion  of  oxygen 
was  a  very  curious  and  accurate  measure  of  the  degree 
of  purity.  Where  the  oxygen  was  the  greatest  in 
quantity  there  was  the  least  amount  of  carbonic  acid. 

But  in  this  case,  as  in  a  great  many  others,  the  true 
method  has  not  yet  been  devised.  No  one  can  exactly 
fix  the  limit  of  safety.  I  have  not  heard  of  any 
tests  being  made,  based  on  this  method,  very  recently, 
except  those  that  Mr.  Roberts  speaks  of.  They  found, 
as  he  said,  in  the  case  of  London,  that  the  great  diffi¬ 
culty  was  to  fix  the  limit  of  safety.  While  it  could  be 
safely  said  that  water  that  contains  the  normal  quan¬ 
tity  of  oxygen  is  perfectly  safe,  and  water  that  contains 
no  oxygen  at  all  is  absolutely  dangerous,  because  in 
that  case  it  contains  more  organic  matter  than  is  enough 
to  destroy  life,  still  no  one  can  say  just  where  the  safe 
limit  is  between  these  two  extremes. 


Mr.  Roberts  :  I  would  like  to  call  Prof.  Phillips’ 
attention  more  particularly  to  the  fish.  You  are  speak¬ 
ing  of  the  proportion  of  oxygen  found  by  chemical  an¬ 
alysis.  Now,  I  think  a  good  deal  of  what  the  fish  find. 
They  seem  to  get  away  very  soon  from  water  that  is 
contaminated.  Can  we  not  learn  something  by  observa¬ 
tion  of  their  actions? 

Mr.  Phillips:  That,  very  likely,  is  a  safe  criterion. 
There  is  no  doubt  that  the  higher  forms  of  life,  like 
fish,  are  a  very  sure  indication  that  there  must  be  an 
abundant  supply  of  oxygen  there.  It  is  well  known 
that  fish  come  up  to  the  surface  to  breathe  if  the  water 
is  deprived  of  much  of  its  oxygen. 

Mr  Roberts:  It  occurred  tome  that  this  sugges¬ 
tion  was  a  very  simple  way,  from  observation,  to  de¬ 
termine  the  purity  of  water.  The  fish  can  easily  be 
seen  and  examined,  and  it  will  not  require  very  much 
skill.  Of  course  we  can  go  further  than  that  with  the 
aid  of  the  microscope,  and  investigate  the  lower  forms 
of  life,  and  thereby  probably  arrive  at  some  point 
where  one  can  say  the  water  is  safe  or  unsafe.  Swim¬ 
ming  over  the  whole  river,  as  they  do,  they  necessarily 
must  test  it  as  a  whole,  whereas  the  chemist  examines 
only  a  small  sample. 

Mr.  Phillips:  There  is  one  reason  for  believing 
in  what  Mr.  Roberts  says — that  it  is  known  that  the 
solubility  of  the  gases  in  water  varies  with  the 
amount  of  salt  dissolved,  and  it  has  been  supposed  that 
one  reason  why  fresh  water  fish  are  unable  to  live  in 
salt  water  is,  that  the  oxygen  dissolved  there  is  less.  I 
do  not  know  whether  that  has  ever  been  demonstrated 
or  not,  but  that  is  the  supposition.  It  is  not  the  salt¬ 
ness,  but  the  diminished  oxygen. 

Mr.  Taylor  :  These  tests  of  the  Allegheny  water — 
were  they  made  in  the  winter  season  or  summer  season, 
or  both  ? 

Mr.  Phillips:  The  tests  I  made  were  in  May  and 
June,  then  in  October,  November  and  December, 
every  day. 

Mr.  Taylor:  Were  any  tests  made  while  the  river 
was  frozen  over  ? 

Mr.  Phillips  :  There  was  a  great  deal  of  ice  there, 
but  not  entirely  closed. 

Mr.  Roberts  :  In  regard  to  the  ice,  I  have  heard  it 
stated  that  that  was  the  only  time  when  we  could  taste 
the  oil,  from  the  oil  regions.  When  the  river  was  frozen 
over  the  oil  running  underneath  the  ice  would  be 
“churned”  up  and  would  be  mechanically  mixed  with 
the  water,  whereas  at  other  seasons  it  would  flow  on  the 
surface.  I  doubt  if  you  could  ever  get  any  taste  of  oil  in 
the  summer  time.  The  refuse  from  the  refineries  is  very 
heavy  and  sinks  like  gas  tar  to  the  bottom,  and  when  our 
water  works  were  further  down  the  river,  distinct  traces 
of  it  were  frequently  observable  in  the  pipes.  This 
stuff  has  done  thousands  of  dollars  worth  of  damage  to 
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rafts  and  boats,  but  we  don’t  see  so  much  of  it  in  our 
rivers  in  late  years. 

Mr.  Miller  :  I  would  like  to  know  from  Mr.  Roberts 
or  Prof.  Phillips,  if  they  have  made  experiments  or 
tested  the  water  below  the  city,  below'  the  two  cities, 
and  if  so,  what  was  the  condition  or  difference  from  the 
water  above  the  cities. 

Mr.  Phillips:  I  have  made  no  tests. 

Mr.  Miller:  Judging  from  the  description  of  the 
test  on  the  Thames,  I  inquired  to  know'  what  was  the 
condition  of  our  rivers  after  they  formed  the  Ohio. 

Mr.  Roberts:  I  can  tell  you,  Mr.  Miller.  I  was 
talking  to  Mr.  Martin  on  that  point  some  two  months 
ago.  I  was  down  at  the  Davis  Island  Dam,  and  I  no¬ 
ticed  he  had  a  pump  arranged  to  supply  the  house. 
On  my  asking  regarding  the  water,  he  said  it  was  very 
foul  near  the  shore,  and  was  very  offensive.  It  looked 
perfectly  clear,  but  he  said  it  would  not  do  at  all  for 
drinking.  But  I  do  not  think  the  whole  river  was  in 
that  condition,  because  I  have  noticed  the  Allegheny 
w’ater  distinct  from  that  from  the  Monongahela.  You 
can  recognize  it  distinctly  at  some  stages  until  it  has 
reached  a  point  twenty-five  miles  below  the  city.  The 
shore  w’ater  from  Allegheny  city,  with  its  impurities, 
would  keep  on  probably  for  a  number  of  miles  below’ 
Davis  Island  Dam,  but  in  the  middle  of  the  river  I 
think  no  one  would  notice  it.  Steamboat  men  do  not 
complain  of  the  water.  The  people  of  Wheeling  drink 
the  river  w’ater,  so  do  those  in  Cincinnati,  etc. 

Mr.  Taylor  :  How’  are  the  fish  below'  ? 

Mr.  Roberts:  In  regard  to  the  fish,  I  have  seen 
seines  drawn  at  the  foot  of  the  island  at  McKee’s  Rocks, 
four  miles  down.  That  wras  fifteen  vears  ago,  during: 
the  height  of  the  oil  refining  business  in  this  city; 
salmon  and  bass  could  be  caught  in  no  other  way  at 
that  time.  There  are  very  few’  now.  These  salmon 
and  bass  very  likely  have  passed  the  city  during  times 
of  high  water.  They  sometimes  migrate,  though  not 
regular  migratory  fish,  but  move  from  one  pool  to  an¬ 
other  if  they  get  scared,  and  may  go  miles,  and 
they  could  easily  find  opportunity  to  get  past  the  city 
here  without  injury. 

I  have  never  thought  that  the  center  of  the  Allegheny 
river  was  foul,  although  Prof.  Phillips  mentioned  in 
his  paper  at  last  meeting,  that  the  Pittsburgh  sewers 
slightly  contaminated  the  water  supply  of  Allegheny 
City.  But  I  have  observed  this  fact,  living  on  a  steam¬ 
boat  for  four  years,  w'hen  I  was  in  the  government 
service,  and  being  up  along  the  Allegheny  in  low  water, 
that  in  a  very  sluggish  current  the  sewage  matter  re¬ 
mained  near  the  shores.  I  have  noticed  running  from  the 
sew’ers  an  inky  black  water,  that  would  come  along  the 
Pittsburgh  side  and  out  for  a  distance  of  200  or  some¬ 
times  nearly  300  feet,  so  that  with  the  sewage  from  both 
cities  it  would  make  each  side  of  the  river  inkv  black  : 


still  a  “blue  streak”  fully  100  yards  wide  remained  * 
down  the  center  all  the  time.  For  this  reason  I  would 
never  believe  that  sewage  matter  from  any  Pittsburgh 
sewer  could  reach  the  other  side  of  the  river.  To  do 
it  the  current  of  the  sewer  would  have  to  cro^-ihread 
a  flowing  river  1000  feet  wide. 

Mr.  Davis:  Mr.  Roberts  considers  that  fish  will 
only  live  in  pure  water.  I  recollect  hearing  Mr.  C.  B. 
Brush,  Superintendent  of  the  Hackensack  Water  Co. 
give  his  experience  with  their  water  in  1831  and  1SH5. 
It  was  at  the  annual  convention  of  the  Amerh-an 
Society  of  Civil  Engineers,  at  Deer  Park.  They  draw 
their  supply  from  the  Hackensack,  pumping  it  about 
fourteen  miles  through  an  iron  pipe  to  a  reservoir  at 
Hoboken.  There  is  also  a  larger  reservoir  about  three 
miles  from  the  source.  In  the  summer  of  1884  the 
people  began  to  complain  of  the  water,  and  as  the 
season  advanced  it  kept  getting  worse. 

He  mentioned  that  these  reservoirs  were  full  of  fish, 
well  stocked  with  carp  and  bass,  and  that  fish  were 
removed  from  time  to  time  as  they  became  too  numer¬ 
ous.  It  was  ascertained  that  the  contamination  of  the 
water  was  from  a  vegetable  growth.  This  had  no 
injurious  effect  on  the  fish,  though  the  |>eople  could 
not  use  the  water. 

This  water  from  the  Hackensack  is  drained  from  an 
area  of  about  100  square  miles,  and  there  was  supposed 
to  be  no  sewage  contamination.  It  got,  towards  the 
latter  part  of  the  summer,  green ;  a  green  scum  formed. 
Then  I  think  they  put  air  compressors  on  the  river 
bank  and  pumped  air  into  the  mains,  thinking  that 
would  remedy  the  matter.  For  a  time  it  did  seem  to 
improve  it,  then  the  scum  would  appear  again  and  for 
a  month  would  stay,  and  then  disappear.  In  the  fol¬ 
lowing  summer  they  had  the  same  trouble.  Some 
thought  if  the  reservoirs  were  covered  it  would  make 
a  difference.  He  answered  that  bv  saying,  they  had 
one  of  the  reservoirs  covered  and  it  was  just  as  bad. 

Mr.  Roberts:  What  was  the  depth  of  the  water  in 
the  reservoir  ? 

Mr.  Davis:  The  large  one  about  sixteen  feet,  and 
was  kept  that  depth  all  the  time.  In  reference  to  the 
fish  in  the  Ohio,  I  may  state  I  have  had  occasion  several 
times  during  the  past  summer  to  cross  the  river  down 
about  Sewicklev,  twelve  miles  below  Pittsburgh,  and 
old  fishermen  there  say  the  fish  are  returning;  that 
they  now  get  good  fish.  They  told  me  they  could 
catch  bass  and  perch  in  large  numbers.  They  attributed 
the  change  to  the  absence  of  the  refuse  of  the  refineries, 
the  oil  ami  waste  products  of  oil  formerly  discharged 
in  the  rivers. 

Mr.  Phillips:  In  that  connection  there  is  one 
matter  of  interest.  The  water  may  be  unfit  to  drink 
and  yet  fish  may  live  in  it.  There  is  a  peculiar  fresh 
watersponge  that  often  forms  in  the  reservoirs  and  gives 


lOS 


ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 


the  water  a  cucumber  taste.  It  was  observed  in  the 
drinking  water  of  Boston  a  few  years  ago,  and  it  hap¬ 
pened  to  a  good  many  towns  of  New  England,  and  no 
one  could  account  for  it.  They  had  analyses  made,  and 
determined  all  the  fixed  solids,  the  ammonia  and  soon, 
but  all  this  went  for  nothing.  The  analyses  seemed 
to  show  that  the  water  was  good,  and  yet  it  had  that 
cucumber  taste  and  was  perfectly  unbearable.  The 
doctors  thought  in  some  places  it  was  causing  sickness, 
although  they  did  not  know  positively.  At  last  it  was 
found  out  that  this  fresh  water  sponge  was  growing  in 
large  quantities  in  the  water,  and  when  they  cleaned 
out  this  sponge  the  water  became  good.  Now  there 
is  an  instance  where  water  may  be  unsafe  to  drink,  at 
least  unfit  to  drink,  from  the  taste  of  the  branches  of 
this  sponge,  and  yet  it  did  not  affect  the  fish  at  all.  It 
was  stated  that  the  water  was  perfectly  good  in  every 
other  particular.  They  had  spent  so  many  years  in 
studying  it,  and  so  much  money  had  been  appropriated 
that  it  was  looked  upon  as  a  problem  that  could  not  be 
solved ;  but  Ransom  of  Baltimore  discovered  the  whole 
trouble  was  due  to  these  sponges. 

Mr.  Davis  :  This  Hackensack  water  had  the  cucum¬ 
ber  taste.  In  Rochester,  N.  Y.,  in  1876,  the  water 
was  affected  the  same  way,  and  in  Philadelphia  in  1883. 

Mr.  Roberts:  Mr.  William  J.  McAlpine,  two 
years  ago,  was  called  upon  by  a  company  in  New  York 
to  propose  a  new  scheme  of  water  works  to  supply  that 
city.  He  recommended  the  Ramapo  district  in 
southern  New  York,  on  the  Jersey  line.  I  have  for¬ 
gotten  how  many  square  miles  there  were,  but  there 
are  a  number  of  small  lakes  in  the  district.  In  his 
report  he  refers  to  these  lakes  as  being  at  different 
elevations,  and  at  certain  seasons,  according  to  elevation 
and  temperature,  some  of  these  lakes  would  have  this 
spongillse  and  other  ephemeral  life  forms.  His  idea 
was  to  use  the  water  in  one  lake  while  the  spongillae,  etc. 
would  be  dying  in  the  lower  lake,  say,  and  by  that 
time  the  water  in  the  other  lakes  would  be  clear.  The 
Allegheny  river  is  not  afflicted  with  any  such  disease. 

However,  I  can  not  but  return  to  my  position  that 
the  merits  of  this,  question  of  the  purity  of  the  water 
is  decided  by  the  fish. 

Mr.  Scaife  :  In  this  connection  there  is  one  point 
I  have  been  waiting  to  hear  touched  upon,  but  no  one 
has  mentioned  it.  It  is  that  of  purifying  the  sewage 
water  before  putting  it  into  the  river  again.  It  seems 
to  me  that  this  is  a  question  that  must  be  solved  where 
the  population  is  very  dense. 

Some  years  ago  in  Paris,  my  attention  was  called  to 
this  matter.  The  people  below  Paris  complained  very 
much  of  the  sewage  that  was  discharged  into  the  river. 
They  said  it  produced  sickness  in  the  towns  lying 
along  the  river.  Reports  on  the  subject  were  made 
by  the  engineers,  and  finally,  it  was  concluded  to  pu¬ 


rify  the  sewage  water  before  putting  it  into  the  river. 
At  considerable  expense  a  pumping  station  was  formed, 
and  a  large  part  of  the  sewage  (not  all  of  it,  because 
they  could  not  handle  it  all)  was  pumped  to  a  place 
where  there  was  a  large  tract  of  sandy  soil,  of  no  use 
at  that  time.  This  sewage  was  put  into  reservoirs,  and 
from  there  it  was  given  to  the  people  of  that  neighbor¬ 
hood,  or  anyone  who  wished  to  have  it,  to  distribute, 
over  the  land.  The  soil  was  prepared  by  the  farmers, 
who  made  channels  and  furrows  through  it  with  a 
plow.  The  water  was  allowed  to  run  in  these  furrows 
and  to  soak  into  the  ground,  fertilizing  it.  At  the 
time  I  visited  the  place  it  was  just  like  a  garden  with 
extremely  luxuriant  vegetation.  There  were  garden 
vegetables,  fruit  trees,  etc.  These  were  finer  than 
could  usually  be  found  on  most  of  the  farms  around 
Paris. 

At  first  the  people  of  that  neighborhood  were  very 
much  opposed  to  this  sewage  water.  They  said  it  -was 
contaminating  all  their  wells.  At  that  time,  however, 
no  sickness  had  been  traced  directly  to  this  water,  and 
at  a  distance  of  several  hundred  yards  from  this  fertil¬ 
ized  tract,  I  went  to  a  spring  from  which  some  of  the 
filtered  sewage  water  was  flowing.  It  was  perfectly 
clear — as  clear  as  we  have  here  (when  not  muddy). 
I  tasted  it,  and  could  find  no  trace  of  anything  disa¬ 
greeable  in-  it;  so  that  at  any  rate  when  this  water 
was  returned  to  the  river  it  was  in  much  better 
condition  than  when  it  went  on  the  ground.  I  exam¬ 
ined  the  sewage  water  flowing  along  these  furrows. 
It  was  dirty  and  unpleasant.  One  could  see  old  gar¬ 
ments  and  hats  and  all  sorts  of  material,  yet  the  water 
which  came  out  after  the  absorption  seemed  pure,  at 
least  to  the  eye  and  to  the  taste. 

The  engineers  were  so  well  satisfied  with  the  trial, 
although  the  expense  was  very  great,  that  it  was  pro¬ 
posed  to  fertilize  a  still  larger  tract  near  Paris  by  the 
same  means.  It  was  a  most  instructive  example  of 
how  poisonous  materials  may  be  rendered  harmless, 
and  also  be  made  to  contribute  to  the  sustenance  of  life. 

Mr.  Roberts  :  We  have  below  this  city  an  island 
called  Neville  or  Seven  Mile  Island,  six  miles  long, 
naturally  rich  on  one-half  of  its  length.  The  other 
half  is  high  and  very  sandy.  The  elevation  of  that 
half  is  about  forty-five  feet  above  the  river,  conse¬ 
quently  never  reached  when  the  river  overflows,  while 
the  other  half  is  covered  at  intervals,  probably  once 
every  ten  years,  which  makes  it  a  very  fertile  bottom, 
and  I  have  often  thought  the  people  of  that  island,  if 
they  would  utilize  the  sewage  of  the  city,  would  make 
the  whole  of  it  a  much  more  fertile  garden  than  it  is 
now.  There  is  an  opportunity  there  to  try  this  ex¬ 
periment.  The  material  could  be  taken  down  in 
scows  or  boats  That  obtained  from  the  night  soilers’ 
wagons  would  be  particularly  valuable. 
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Mr.  Wickersham:  I  would  like  to  ask  Prof. 
Phillips  or  Mr.  Roberts,  in  reference  to  these  impuri¬ 
ties,  if  the  human  system  is  not  so  constructed  as  to  re¬ 
ject  that  which  is  impure  and  take  only  that  which  is 
good.  I  could  not  help  letting  my  mind  run  back  to 
the  time  when  I  was  in  business  in  New  Orleans,  some 
forty  years  ago.  There  they  collected  the  rainwater 
in  cisterns — upright  cisterns  about  six  to  twelve  feet 
in  diameter,  and  sixteen  feet  liigl^  Every  house  had 
a  system  of  pipes  running  from  the  roofs  to  the  cis¬ 
tern.  That  water  very  soon  would  collect  dirt  and 
dust  floating  in  the  air,  until  there  would  be  a  scum  of 
probably  three  or  four  inches  on  the  surface  of  the 
water.  It  would  be  covered  with  vegetation,  until 
after  a  while  the  tanks  looked  like  a  small  garden. 
The  water  swarmed  with  wigglers.  They  drew  this 
water  from  underneath,  strained  and  put  it  on  the  fire 
and  boiled  it,  and  put  it  in  a  pitcher  with  a  lump  of 
ice,  and  better  water  I  never  drank  These  insects 
in  the  water  would  not  be  the  same  as  the  bactria 
spoken  of,  but  it  was  animal  life. 


Mr.  Roberts:  The  more  animal  life,  ergo  the  more" 
oxygen,  in  the  water  the  better  it  is.  \N  e  do  not 
know  what  the  disease  germs  are  exactly ;  typhus  ty¬ 
phoid  and  yellow  fever  each  are  supposed  to  have  sj*e- 
cific  forms  of  germs,  jKjssibly,  and  it  is  to  be  hoped  all 
of  them  are  of  such  alow  type  that  they  will  not  ger¬ 
minate  in  areated  water. 

Mr.  Phillips:  There  is  a  German  authority  who 
declares  sewage  water  is  perfectly  safe  to  drink,  and 
proves  it  by  drinking  it  himself.  This  is  probably 
an  example’of  the  “survival  of  the  fittest,”  for  the  sys¬ 
tem  that  is  broken  by  disease  would  probably  be  easily 
affected  by  such  impurities,  while  one  of  strong  vitality 
would  not  be  affected. 

On  motion,  the  further  discussion  was  po-tponed, 
and  Society  adjourned. 

S.  M.  Wickersham. 

Secretary. 
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Engineer's  Society  of  Western  Pennsylvania. 

Pittsburgh,  Pa.,  December  21st,  ISse. 

Society  met  at  8  o’clock,  p.  m.  on  Thursday,  December  21st,  issii.  Twenty  one  members  present.  The  ITesident 
and  Vice  President  being  absent,  Mr.  M.Lucien  Scaife  was  called  to  the  chair.  After  the  usual  routine  bu-ine  -•  wa- 
transacted,  Mr.  J.  A.  Brashear  made  the  following  remarks  on  the  “  Lick  Telescope.” 


Mr.  Brashear  said:  This  telescope  that  is  now 
being  constructed  will  certainly  reach  very  near  the 
limit  that  telescopes  are  now  being  made;  and, indeed, 
Alvin  Clark  himself  told  me  if  he  had  had  the  advis¬ 
ing  of  the  telescope  for  Mt.  Hamilton  (the  Lick  tele¬ 
scope),  he  would  have  advised  a  twenty  inch  refractor 
instead  of  the  one  that  is  being  built. 

The  latter  is  a  very  Hne  telescope,  yet  the  question 
is  whether  it  will  lie  able  to  do  the  successful  work 
which  is  expected  of  it.  When  we  look  back  to  the 
days  of  Galileo  and  Liepershay  and  those  good  fel¬ 
lows,  in  1609,  when  they  were  making  their  little 
telescopes  one  inch  in  diameter,  and  compare  them 
with  the  telescopes  of  to-day,  it  certainly  looks  like 
evolution. 

And  yet  when  we  look  at  any  other  science,  the 
science  of  electricity  for  instance:  When  Volta  built 
his  little  pile  what  did  he  expect  of  it?  Nothing  like 
as  much  as  we  have  to-day.  Certainly,  nothing  in 
comparison. 

When  Watt  boiled  his  tea-kettle  over  the  stove  did 
he  expect  such  results  as  we  have  to-day?  And  so  it 
is  in  any  scientific  research.  We  must  all  bear  in 
mind  the  beautiful  language  of  the  good  old  Book, 
which  tells  us  to  “  Despise  not  the  day  of  small 
things.” 

After  the  early  astronomers  and  early  opticians  had 
done  their  work,  such  men  as  Galileo,  Liepershay  and 
Kepler,  they  found  it  was  impossible  to  get  power  out 
of  the  telescope  on  account  of  the  color.  If  you  have 
a  telescope,  say  of  three  inches  in  diameter  and  a  foot 
long,  you  have  a  certain  amount  of  color.  Now,  if 
you  increase  the  diameter  and  do  not  increase  the 
length,  you  are  still  more  troubled  with  the  color. 
But  if  your  glass  remains  the  same  in  diameter 
and  you  make  your  telescope  longer  and  longer,  you 
can  increase  the  length  indefinitely  without  increasing 
the  color  trouble.  And  so  Huygens  and  Campani  and 
a  number  of  the  other  early  workers  kept  stretching 
out  their  telescopes,  until  fiom  the  seven  inch  telescope 
of  Galileo  they  reached  three  hundred  feet.  Campani 


made  one  three  hundred  feet  long — so  long  it  was  im¬ 
possible  to  have  any  sort  of  a  mounting. 

However,  as  we  come  on  down  we  reach  the  day  ot 
the  invention  of  the  reflecting  telescope  by  Newton,  I 
think  along  in  the  neighborhood  of  1658  to  1660. 
From  that  time  on,  telescopes  of  that  kind  began  to 
increase  in  diameter,  and  when  Short  got  hold  ot  the 
work  he  made  some  magnificent  specimens.  1  do  not 
like  to  speak  of  Short,  because  he  was  a  man,  at  lea>t 
so  reported,  who  was  very  selfish  and  wanted  no  one  to 
know  how  he  did  his  work.  Indeed,  this  spirit  was 
carried  so  far  that  he  broke  up  his  tools  and  every 
thing  that  would  give  a  clue  to  his  methods. 

We  come  on  then  to  the  days  of  Herschel,  and  you 
will  remember  that  he  made  telescopes  up  to  forty- 
eight  inches  aperture.  Ix>rd  Rosse  made  them  up  to 
sixty  inches  aperture. 

Delaunay  and  Hall  discovered  the  method  for  curing 
the  color,  and  telescopes  were  then  made  up  to  four 
and  five  inches  in  diameter,  and  then  they  had  to  -top 
for  want  of  proper  glass  of  large  sizes.  However, 
when  they  had  almost  given  up  in  despair  for  this, 
Guignon,  a  Swiss  weaver,  went  at  it,  and  finally  made 
glasses  up  to  nine,  ten,  eleven  and  twelve  inches  in 
diameter.  Fraunhofer  was  associated  with  him  in 
this  work,  and  they  made  glasses  up  to  twelve  inches 
aperture  made  from  perfect  glass.  If  1  remember 
rightly.  I  think  it  was  Fraunhofer  who  made  the 
fifteen  inch  glass  for  the  Pultowa  Observatory.  He 
was  a  fine  mathematician  and  a  master  workman,  and 
his  record  will  last  as  long  as  there  are  opticians  and 
astronomers. 

We  come  along  further  till  the  day  when  the  great 
glass  was  made  for  Harvard  University.  It  was  made 
bv  Merz,  of  Munich.  It  is  a  little  over  fifteen  inches 
in  aperture  and  was,  for  the  time,  one  of  the  finest 
glasses  in  the  world,  and  was  the  mate  to  the  great 
glass  in  Pultowa. 

Our  own  Clark  l*egan  the  manufacture  of  telescopes 
just  about  forty  years  ago.  He  is  now  in  his  eighty- 
first  year.  His  first  glass  was  made  from  glass  made 
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in  Boston.  It  turned  out  very  indifferently,  though 
he  did  some  very  good  work  with  it.  lie  kept  on  in¬ 
creasing  the  size  of  his  glasses,  beginning  with  the 
seven  inch  he  sent  to  London,  that  did  such  admirable 
work,  until  finally  he  made  the  eighteen  inch  glass  for 
the  Dearborn  University  at  Chicago.  With  this  glass 
young  Alvin  Clark  discovered  the  companion  of  Sirius 
(?),  for  which  he  received  a  gold  medal  from  the 
French  Academy. 

After  that  came  the  twenty-six  inch  glass  at  Wash¬ 
ington,  which  was  the  largest  glass  ever  undertaken 
up  to  that  time.  Cooke  had  undertaken  one  of  twenty- 
five  inch  aperture,  and  this  circumstance  called  from 
the  great  astronomer  Lockver  the  remark  that  the 
“Americans  were  determined  not  to  be  beaten,  and  so 
they  went  one  inch  better.” 

From  some  remarks  dropped  by  Professor  Hall,  it 
seems,  however,  that  this  glass  is  not  working  satisfac¬ 
torily.  At  the  same  time  that  glass  was  made,  Mc¬ 
Cormick,  he  of  reaper  fame,  had  one  made  for  the 
University  of  Virginia.  It  was  an  eighteen  inch 
glass.  It  lias  done  some  admirable  work,  but  it  is  not 
mounted  to  do  the  work  it  ought  to  do. 

About  the  same  time  the  Princeton  glass,  of  twenty- 
three  inches  aperture,  was  constructed,  and  I  may  say 
that  this  is  the  finest  glass  ever  made  by  the  Clarks. 
I  have  made  observations  through  it,  and  its  limpid 
purity  fairly  sets  the  heart  of  the  optician  flowing. 
The  Washington  glass  has  about  one  hundred  bubbles 
in  it,  and  although  these  do  not  aflect  the  glass  any, 
still  the  Princeton  glass  has  not  a  single  flaw. 

Then  came  the  question  of  the  great  Lick  telescope. 
A  little  about  Lick  first.  It  is  said  he  was  a  man  of 
very  eccentric  character  and  one  of  the  ugliest  and 
meanest  men  that  ever  lived,  but  that  was  while  liv¬ 
ing.  A  man  may  do  queer  things  during  life,  and  yet 
something  good  may  exist  in  him  that  may  not  be 
known  until  after  his  death. 

Lick  was  a  native  of  our  good  old  State.  So  much 
for  Pennsylvania.  Born  of  German  parents,  in  Le¬ 
banon  county,  in  1796,  in  Fredericksburg.  He  got 
into  quite  a  number  of  businesses  before  he  ever 
thought  of  the  telescope.  He  was  a  piano  maker,  an 
organ  maker,  a  peddler,  a  theatre  manager,  and  I  do 
not  know  what  all.  Finally,  he  drifted  down  to 
South  America,  where  he  accumulated  a  fortune  of 
about  $40,000.  From  there  he  went  to  San  Francisco, 
invested  largelv  in  real  estate,  and  in  twenty-four 
years  had  accumulated  a  fortune  of  over  $4,000,000. 
He  enjoyed  this  for  a  little  while  and  then  turned  it 
all  over  to  a  trust.  I  think  Captain  Floyd  was  presi¬ 
dent  of  the  trust  fund.  Among  his  bequests  was  one 
of  $700,000  for  the  building  of  the  most  powerful  tel¬ 
escope  in  the  world.  I  find  that  as  one  of  the  scientific 
elements  in  his  bequest  that  the  money  should  be  used 
“  for  the  building  of  the  most  powerful  telescope  in 


the  world,”  and  he  also  required  that  it  should  be  put 
on  a  mountain.  Finally,  at  the  suggestion  of  Professor 
Hilton,  some  say  Captain  Frazer,  they  settled  on  Mt. 
Hamilton. 

Mt.  Hamilton  is  about  fifty  miles  from  San  Fran¬ 
cisco,  and  about  four  thousand  two  hundred  and  eighty 
feet  high  after  the  apex  has  been  leveled  off.  Lick 
selected  this  position  on  the  condition  that  those  in 
charge  of  the  affairs  of  Santa  Clara  county  would  build 
a  mountain  road,  which  they  did.  The  road  is  some¬ 
thing  like  twenty  miles  long,  a  very  excellent  one,  the 
cost  being  $75,000.  The  summit  of  the  mountain  was 
a  very  small  space  originally,  but  the  engineers 
leveled  it  doAvn  and  made  a  very  excellent  place  for 
the  observatory. 

This  space  is  about  four  hundred  and  fifty  feet  long 
by  two  hundred  and  twenty-five  feet  broad.  It  is  said 
that  the  fogs  from  the  Pacific  never  reach  the  top  of 
the  mountain,  or  at  least  only  little  wifts  of  fog  that 
might  be  blown  up  in  a  storm.  Mr.  Burnham  was  on 
the  mountain  from  the  17th  of  August  to  the  16th  of 
October,  in  1879,  and  in  those  sixty  days  he  found 
forty-two  of  the  nights  were  what  he  called  perfect  for 
telescopic  work,  eleven  of  them  were  what  we  would 
call  excellent,  and  only  seven  were  bad.  We  could 
reverse  the  order  in  Pittsburgh,  I  think,  and  have 
seven  good  nights,  eleven  fair  ones  and  forty-two  bad 
ones.  Continued  observations  on  Mt.  Hamilton  from 
that  time  to  this  has  confirmed  the  fact  that  no  better 
point  could  have  been  selected  for  the  great  telescope. 

Now,  Leslie’s  observations  in  Malta  and  others  from 
the  peak  of  Teneriffe  were  such  that  it  was  thought 
good  results  could  not  be  obtained  from  mountain 
peaks,  and  hence  there  was  no  encouragement  to 
put  the  telescope  there  until  Burnham  himself  went 
up  and  made  observations  extending  through  a  num¬ 
ber  of  days.  It  v as  found  that  the  light  of  a  helio¬ 
scope  could  be  seen  one  hundred  and  seventy-five 
miles  away,  on  the  coast,  and  mountain  peaks  were 
recognized  at  a  distance  of  one  hundred  and  tliirtv 
miles,  so  you  can  readily  see  the  transparency  and 
clearness  of  the  atmosphere.  He  used  a  six  inch  tele¬ 
scope  in  his  work,  which  would  be  the  same  in  effect 
as  using  on  a  lower  elevation  the  eighteen  inch  glass 
of  Chicago,  so  that  will  show  you  the  value  of  the 
great  telescope,  especially  on  mountains  where  you 
have  such  clear  skies.  What  magnificent  results  may 
be  expected ! 

The  observatory,  then,  has  been  pretty  nearly  fin¬ 
ished  except  the  building  of  the  great  dome,  which  is 
now  proceeding.  The  structure  is  two  hundred  and 
eghty-seven  feet  long.  Nearly  every  particle  of  the 
material  had  to  be  brought  from  below,  till  finally 
they  found  a  bed  of  clay  and  a  fine  spring  near  the 
summit,  to  which  roads  were  made. 

They  have  a  twelve  inch  refracting  telescope  built 
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by  Alvin  Clark,  a  transit  instrument,  a  heliograph,  a 
photographic  instrument,  and  they  are  all  fixed  now 
excepting  the  great  refractor  anti  the  building  ot  the 
great  dome. 

The  dome  of  the  building  is  covered  with  coppered 
nickel,  and  can  be  seen  quite  a  distance.  The  dome 
for  the  new  telescope  is  going  to  he  a  very  difficult 
task  to  construct.  I  believe  it  has  been  decided,  in¬ 
stead  of  making  the  hemispherical  dome,  to  have  it  a 
dome  of  about  seven-eighths  of  the  whole  sphere. 
They  will  rest  the  dome  on  a  circular  wall  built  of 
solid  masonry,  about  eighty-five  feet  in  circumference. 
It  will  be  arranged  so  that  the  operators  can  have 
their  library  and  reception  room  for  visitors  below, 
where  they  will  not  interfere  with  the  making  ot  ob¬ 
servations  above.  They  will  probably  have  the  chairs 
for  the  operator  ranged  on  the  end  of  the  telescope, 
and  he  will  be  provided  close  at  hand  with  electrical 
appliances  that  he  can  move  the  telescope  all  around 
the  horizon,  so  that  they  will  not  have  to  leave  the 
eye  piece.  The  whole  thing  will  be  complete  in  all 
its  details,  and  the  workmanship  is  all  in  good  hands. 

[Mr.  Brashear  here  gave  the  members  a  blue  print 
with  full  description  of  the  mounting  of  the  telescope.] 

I  will  now  give  you  some  of  the  dimensions  of  this 
great  telescope : 

Diameter,  seventy-five  feet ;  height  over  the  greatest 
diameter,  that  is,  the  height  over  the  center  of  the 
sphere,  thirty-five  feet ;  length  of  tube,  fifty-six  feet ; 
total  length  of  telescope,  fifty-six  feet,  two  inches; 
diameter  of  upper  end  of  tube,  thirty-nine  inches ;  of 
lower  end,  thirty-six  inches.  The  tube  will  be  ven¬ 
tilated.  • 

The  diameter  of  the  polar  axis  is  twelve  inches 
upper  end,  ten  inches  lower  end;  the  diameter  of  the 
axis  that  moves  it  north  and  south  is  ten  inches  at 
one  end  and  nine  inches  at  the  other.  Length  of 
polar  axis  is  ten  feet.  The  total  weight  of  the  plant 
is  thirty  tons,  and  this  includes  nothing  at  all  about 
the  observatory. 

Of  course,  you  can  see  in  the  construction  of  this 
apparatus,  there  must  be  great  engineering  skill  and 
some  of  the  most  accurate  work  possible.  The  observ¬ 
atory  will  be  fitted  up  with  all  the  modern  appliances, 
such  as  the  sidereal  clock,  etc.  The  flint  glass  for  the 
telescope  weighed  three  hundred  and  seventy-five 
pounds  in  the  rough.  It  was  cast  in  Boston.  The 
glass  is  thirty-six  inches  in  aperture. 

The  crown  glass  has  a  curvature  of  about  eighteen 
feet.  The  total  weight  of  the  glass  complete  will  be 
five  hundred  and  eighty-seven  pounds.  They  took 
great  care  while  working  with  it,  keeping  it  in  a  cellar, 
away  from  the  light,  and  the  temperature  kept  normal. 
They  have  succeeded  in  making  it  to  satisfy  the  ex¬ 
perts  who  have  been  appointed  to  do  the  testing. 

Mr.  Roberts:  Did  you  notice,  when  you  saw  the 


Lick  glass,  whether  there  were  any  bubbles  or  flaws 
in  it? 

Mr.  Brashear:  l  did  not  see  any,  although  Alvin 
Clark  said  there  were. 

By  a  Member:  If  I  understand  you  aright,  you  say 
the  thirtv-six  inch  glass  is  about  the  limit  of  large  re¬ 
fractors.  If  in  the  future  we  are  to  have  any  greater 
magnifying  power  of  the  telescope,  are  we  to  look  to 
reflectors  ? 

Mr.  Brashear:  Well,  while  I  make  reflectors,  I 
doubt  it  very  much.  It  was  a  question  whether  they 
would  take  a  seventy-two  inch  reflector  or  the  thirty- 
six  inch  refractor,  but  the  color  disturbance  in  the 
reflectors  decided  in  favor  of  the  latter. 

Prof.  Frost:  Do  you  look  for  any  improvement  in 
the  quality  of  glass  ? 

Mr.  Brashear:  Experiments  are  now  making  in 
that  direction  and  some  very  fine  samples  have  l>een 
obtained,  showing  an  advance  in  this  direction,  and  it 
all  depends  now  whether  they  will  stand  the  physical 
tests,  but  I  think  the  softness  of  the  gla>-  I  have  now 
in  mind  will  probably  be  the  great  difficulty  in  the 
way. 

Mr.  W.  L.  Scaife  then  read  the  following  extract 
from  one  of  the  scientific  papers  on  the  same  subject : 

The  Lick  Telescope  Lenses. 

Attention  was  called  in  a  late  issue  of  this  journal 
to  the  fact  that  the  two  great  lenses  for  the  Lick  tele¬ 
scope,  on  which  the  Messrs.  Clark, of  < 'ambridge,  have 
been  so  long  engaged,  were  nearing  completion.  There 
has  been  a  plan  already  adopted  for  shipping  the 
double  lens  which  is  interesting  on  account  of  the  won¬ 
derful  precautions  it  embraces.  The  two  glasses  will 
first  he  wrapped  separately  in  fifteen  or  twenty  thick¬ 
nesses  of  cloth,  drawn  very  tight.  The  cloth  will  U- 
cotton,  and  in  order  to  make  it  soft  and  perfectly  tree 
from  grit  it  will  be  washed  many  times  and  thoroughly 
beaten.  Next  to  the  cloth  will  come  a  thick  layer 
of  cotton  batting  and  then  a  layer  of  paper.  A  Im>x 
made  of  wood  and  linen  with  felt  will  contain  the 
glasses  when  so  prepared,  the  felt  lining  of  the  Im>x 
coming  next  to  the  paper.  The  lenses  with  their  cov¬ 
ering  will  be  packed  tightly  in  this  Im>x.  The  -hape 
of  tliis  box  will  conform  to  the  shape  of  the  lenses. 
The  felt  will  be  attached  with  glue,  so  that  no  nails 
will  be  anywhere  near  the  glass.  Outride  ot  t hi- 
wooden  box  and  enclosing  it  will  be  a  strong  steel  Ih>\. 
about  the  shape  of  a  cube.  The  wooden  l*>x  will  Ik* 
tightly  packed  into  the  steel  box  with  curie. I  hair.  To 
enclose  this  steel  box  will  be  -till  another  -tec l  box  or 
chest,  and  the  inner  steel  l>ox  will  be  kept  from  touch¬ 
ing  it  by  a  large  number  of  spiral  springs  covering  the 
whole  interior  of  the  outer  steel  chest.  This  outer  chest 
will  be  packet!  with  asbestos,  to  ren  ler  it  fire-proof, 
anti  both  of  the  steel  boxes  will  be  made  air-tight  and 
water-proof.  The  outer  chest  will  be  suspen  led  by 
pivots  in  a  strong  woolen  frame,  an  1  a  contrivance 
has  been  adopted  for  turning  the  chest  one-quarter 
around  every  day  during  it-  progress  to  ( alifornia. 
This  is  to  prevent  any  molecular  disarrangement  in 
the  glass  and  avoid  the  danger  of  polarization,  it 
being  feared  that  the  jarring  « *t  the  train  will  disturb 
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the  present  arrangement  of  the  molecules  unless  the 
position  of  the  glass  is  daily  changed  and  all  lines  of 
disturbance  thus  broken  up.  The  glass  will  be  insured 
for  its  full  value — or  rather  its  cost — $51,000,  and  all 
the  precautions  mentioned  are  taken  to  prevent  any 
accident  to  it.  It  would  probably  he  impossible  to  re¬ 
place  it,  as  Feil,  who  cast  it,  and  the  elder  Clark,  who 


ground  it,  are  both  old  men.  The  glass  will  be  ship¬ 
ped  by  express. 

After  which  on  motion,  the  meeting  adjourned. 

S.  M.  WlCKERSHAM, 

Secretary. 


SEVENTH  ANNEAL  MEETING 


OF  THE 


&i?gii?EEF2’  BociEty 


of  Wes1.efi?  PEnnsylvania. 


I’ittsbuhgh,  Pa.,  January  18th,  1*87. 

Society  met  at  8  o’clock,  i\  m.,  President  E.  B.  Taylor  in  the  chair.  Twenty  members  present. 


The  Treasurer  reported  for  the  year  1886 — 

Receipts  in  the  General  Fund,  $1,593  77 


“  “  Library  “  119  66 

Total  Receipts .  $1,713  43 

Expenditures .  1,287  46 


Bal.  in  Treasury,  Jan.  18,  1887,  $  425  97 


The  Secretary  reports — 

Number  of  members,  January,  1886,  307 

“  received,  “  25 

-  332 

♦  Loss  by  death  in  1886 .  2 

by  resignation .  24  26 

Number  of  members  now  on  the  Roll,  306 

Regular  meetings  held  during  year,  10 

Average  attendance .  26.4 

Social  meetings .  14 

Average  attendance .  9 


3  papers  were  read ;  1  public  lecture  given. 

The  Library  Committee  reports  no  new  works  pur¬ 
chased,  but  quite  a  large  number  of  serial  publications 
have  been  bound  ;  a  new  bookcase  purchased,  and  an 
addenda  to  the  present  catalogue  is  about  ready  for 
the  printer. 

The  Committee  on  Tests,  through  their  Chairman, 
Thomas  Rodd,  Esq.,  reported  as  follows  : 

The  Committee  on  Tests  of  Rail  Joints  are  not  pre¬ 
pared  to  made  a  final  report.  A  large  amount  of 
preparatory  work  has  been  done ;  circulars  were  pre¬ 
pared  and  sent  to  all  the  principal  railway  lines' in 
the  United  States  and  Canada  ;  these  circulars  called 
for  considerable  detailed  information,  in  regard  to 
rail  joints,  a  subject  which  was  more  especially  the 
object  of  the  Society  in  appointing  the  committee. 

The  circular  has  been  very  largely  replied  to,  and 
probably  one-third  of  the  mileage  in  the  United  States 
is  represented  in  the  replies  received.  These  replies 
have  been  tabulated,  and  the  committee  hopes  to  be 


able  to  pursue  the  subject  and  make  a  report  at  some 
future  time. 

The  subject  of  rail  joints  is  to-day  receiving  greater 
attention  than  ever  before.  Very  many  lines  are 
using  new  joints,  devised  by  different  parties,  to  over¬ 
come  the  objections  found  in  the  older  forms.  The 
principal  bar  in  use  to-day  is  the  angle  bar  in  different 
sections  and  lengths.  Several  important  railroads  are 
now  using  a  bar  three  feet  long.  The  Fisher  joint  is 
being  used  on  many  miles  of  new  and  old  roads,  and 
is,  I  understand,  giving  good  results. 

The  Committee  feels  that  justice  will  hardly  be 
done  to  the  subject  at  the  present  day,  in  making  a 
report,  while  experience  is  being  gained  practically 
in  every  direction,  as  to  the  merits  of  the  different 
joints. 

Owing  to  the  fact  that  but  very  few  members  of  the 
Committee  are  able  to  give  any  time  to  the  work,  and 
that  those  few  persons  are  busily  engaged,  it  will  not 
be  possible  to  go  into  the  matter  as  thoroughly  as  its 
importance  requires,  but  we  hope  to  be  able  to  present 
some  information  of  interest  to  the  Society  before 
very  long. 

The  Committee  on  the  death  of  Thomas  Carnegie 
made  a  report,  expressing  the  deep  respect  felt  bv  the 
Society  for  him  as  a  kind-hearted  man,  energetic 
manager,  and  liberal  citizen,  and  their  sorrow  at  the 
great  loss  occasioned  by  his  death. 

Brief  and  eulogistic  remarks  followed  the  report, 
which  was  unanimously  adopted. 

Mr.  E.  B.  Taylor  then  delivered  his  address  as 
retiring  President. 

Gentlemen  of  the  Engineers?  Society  of  11  ’extern  Pcnna .: 

Seven  years  ago,  on  the  6th  of  January,  1880, 
thirty-two  members  met  at  the  first  regular  meeting  of 
the  Engineers’  Society  of  Western  Pennsylvania ;  by 
the  end  of  the  first  year  the  membership  had  grown 
to  184,  to-day  our  Secretary  reports  a  membership  of 
306.  During  the  first  year  there  was  an  average 
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attendance  of  51;  during  the  past  year,  of  26.  There 
were  twelve  papers  read  during  the  first  year  of  the 
Society’s  life ;  during  the  past  year,  four — three  of 
these  contributed  by  the  same  member,  and  the  other 
by  a  member  who  also  gave  a  public  lecture  for  our 
benefit.  So  you  see,  gentlemen,  that  large  membership 
alone  will  not  make  of  itself  a  prosperous  society. 

The  year  which  has  just  closed  was  one  of  the  most 
prosperous  ever  known  in  the  history  of  Pittsburgh, 
and  the  prosperity  was  general  throughout  the  United 
States,  but  at  the  same  time  it  was  distinguished  by 
gigantic  labor  combinations,  strikes  and  riots.  The 
troubles  began  on  New  Year’s  day  in  New  York  City, 
with  a  strike  on  the  Elevated  Railroad  ;  the  middle 
of  January  saw  the  coke  workers  in  the  Connellsville 
region  to  the  number  of  10,000  men  idle ;  numerous 
small  strikes  took  place  at  various  points  over  the 
country  during  the  months  of  February,  March  and 
April,  and  on  May  1st  began  the  great  strike  for 
eight  (8)  hours  as  a  day’s  work  ;  this  strike  was  of 
greatest  proportions  in  Chicago,  where  at  least  60,000 
men  were  out,  and  was  broken  by  the  bomb  throwing 
of  the  Anarchists.  Previous  to  this  were  the  strikes 
on  the  Gould  System  of  Railroads,  culminating  in 
East  St,  Louis  in  the  disgraceful  riots  which  almost 
equalled  the  famous  riots  of  1877  at  Pittsburgh, 
though  the  loss  of  property  was  much  less.  This 
strike  cost  the  strikers  at  least  §1,000,000  in  loss  of 
earnings,  and  the  cost  to  the  southwestern  countrv  was 
even  greater. 

These  disturbances  did  not  augur  well  for  the 
prosperity  of  the  year  1886  ;  still  in  spite  of  all  there 
was  a  strong  feeling  among  business  men  that  the 
country  was  on  the  eve  of  prosperity,  and  when  the 
labor  agitation  subsided  somewhat  and  the  men  went 
to  work  in  earnest,  in  every  avenue  of  trade 
was  seen  a  marked  improvement,  until  the  means  of 
transportation  became  inadequate — though  thousands 
of  new  cars  and  hundreds  of  new  locomotives  were 
built,  the  railroad  companies  could  not  handle 
properly  the  traffic  offered  them. 

Pittsburgh  was  wonderfully  free  from  great  labor 
disturbances.  The  rapid  development  of  natural  gas 
lines  gave  employment  to  thousands  of  men  in  the 
manufacture  of  pipes  and  laying  of  them  ;  everybody 
was  busy,  and  earning  fair  wages. 

This  general  prosperity  may  have  been  the  cause  of 
the  lack  of  interest  in  the  Society.  The  members  who 
could  and  should  have  written  papers  for  the  Society 
were  too  busy  with  their  personal  affairs  to  give  the 
few  hours  work  for  the  benefit  of  their  fellow  members. 
At  least  11  too  busy  ”  was  the  reply  often  repeated  to 
your  President  and  Secretary  by  members  who  early 
in  the  year  had  promised  papers. 

The  reports  of  your  Secretary,  Treasurer  and 


Library  Committee  give  you  in  detail  the  work  of  the 
year,  our  financial  standing,  and  the  increase  which 
has  been  made  in  our  library.  The  library  is  really 
the  most  valuable  feature  of  the  Society,  and  many  of 
its  members  are  only  just  beginning  to  appreciate  the 
fact. 

The  Society  was  very  much  indebted  to  one  of  its 
most  honored  members,  Mr.  J.  A.  Brashear,  for  an 
illustrated  lecture  on  a  “  Piece  of  Glass  this  was 
not  only  an  intellectual  treat,  but  the  financial  results 
were  very  satisfactory.  One  hundred  and  nineteen 
dollars  and  fifty-eight  cents  being  added  to  the 
Library  Fund. 

In  order  to,  if  possible,  revive  the  flagging  interest, 
it  was  decided  to  hold  weekly  social  meetings  at  our 
library  rooms.  The  first  meeting  was  held  March  18th, 
with  twenty-three  members  present.  These  meetings 
were  continued  from  week  to  week  until  the  summer 
vacation,  and  could  not  be  resumed  until  late  in 
December  owing  to  the  disordered  condition  of  the 
building  in  which  our  rooms  are  located. 

The  elevator,  however,  has  been  completed,  and  it 
is  hoped  that  the  members  will  feel  enough  interest  in 
the  Society  to  give  an  hour  or  two  in  the  week  to 
social  intercourse  with  fellow  members.  The  first 
meetings  were  very  interesting,  and  gave  promise  of 
promoting  the  Society’s  welfare. 

In  our  city  of  Pittsburgh  we  find,  outside  of  the 
court  house  and  jail  and  one  or  two  large  buildings, 
little  progress  to  note. 

The  streets  were  kept  in  horrible  condition  by  the 
pipe  line  companies,  so  that  it  was  almost  impossible 
for  the  Commissioner  of  Highways  to  perform  his 
duties  as  they  should  be.  The  gas  companies  and 
railway  companies  occupying  the  streets  should  be 
compelled  to  keep  them  in  good  order  and  well 
cleaned  from  curb  to  curb  ;  nothing  should  be  thrown 
into  streets  or  swept  from  sidewalks  onto  them,  and 
any  loose  material  or  dirt  should  be  swept  up  or 
scraped  up  and  carted  away  before  the  streets  are 
washed. 

A  very  little  progress  was  made  toward  secur¬ 
ing  a  system  of  drainage  and  sewerage  for  the 
East  Libertv  vallev,  but  the  work  should  be  watched 
by  every  one  who  cares  for  the  health  of  the  city,  and 
not  allowed  to  drag. 

The  city  of  Allegheny  still  continues  to  draw  its 
water  supply  from  a  part  of  the  river  contaminated 
by  sewerage  of  large  districts  of  Pittsburgh  and  Alle¬ 
gheny,  and  although  we  have  been  assured  that  the 
water  is  not  very  bad,  still  enough  has  been  shown  to 
suggest  that  a  city  of  the  second  class  (as  it  hopes  soon 
to  be)  with  a  population  approximating  one  hundred 
thousand  souls,  cannot  afford  to  risk  the  health  of  its 
people  in  order  to  save  the  expenditure  of  a  few 
dollars. 
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The  exposition  building  seems  to  be  assured,  if  its 
location  is  still  in  doubt.  The  Pittsburgh  Carnegie 
Library  is  taking  definite  shape,  while  the  plans  for 
the  Allegheny  Library  have  been  approved  by  the 
liberal  donor,  and  the  work  of  erection  will  be  com¬ 
menced  in  a  short  time. 

The  new  jail  has  been  finished,  and  the  court  house 
will  soon  be  under  roof  and  is  nearing  completion,  and 
while  forming  a  monument  to  its  distinguished 
architect,  demonstrates  the  wisdom  of  the  County 
Commissioners  in  laying  political  and  local  influence 
aside  and  giving  the  work  to  men  of  national  reputa¬ 
tion,  who  fully  perforin  what  they  agree  to  do. 

If  the  progress  on  the  new  post  office  is  as  rapid  in 
the  future  as  in  the  past,  the  twentieth  century  may 
see  it  completed. 

The  mileage  of  railroads  in  the  United  States  was 
increased  by  7,274  miles  of  main  track  (not  including 
sidings  or  second  tracks),  this  increase  was  the  greatest 
since  1882,  and  explains  in  part  the  great  consumption 
of  iron  and  steel  which  is  reported  to  have  been  as 
follows : 


1886. 

Gross  Tons. 
Pig  Iron,  5,600,000 
♦  Steel,  3,700,000 


1885. 

Gross  Tons. 
4,044,526 
2,612,276 


Ore  mined  in  the  United  States,  10,000,000  tons, 
and  imported,  1,000,000  tons.  Iron  and  steel  imported, 
at  least  1,000,000  tons. 

While  the  mileage  of  railroads  has  greatly  increased, 
the  freight  cars  are  built  with  a  capacity  of  60,000 
pounds  as  compared  with  20,000  pounds  fifteen  or 
twenty  years  ago.  Heavier  engines  are  required  to 
haul  the  cars,  and  the  bridges  and  track  superstructure 
must  also  be  increased.  So  that  even  if  the  Colluin 
Inter-State  Traffic  Bill  has  the  effect  of  stopping  the 
building  of  many  wild-cat  railroads  in  the  West, 
there  will  be  a  legitimate  demand  for  large  quantities 
of  iron  and  steel  to  replace  the  light  iron  bridges  and 
light  sections  of  rail  on  many  of  the  existing  railways. 

I  am  glad  to  note  the  great  progress  that  has  been 
made  toward  uniform  freight  cars,  and  the  effort  made 
to  unite  on  satisfactory  self-couplers  and  continuous 
brakes  for  freight  trains,  and  feel  assured  that  in  a 
few  years’  time  we  will  see  all  cars  equipped  with 
automatic  couplers,  which  will  result  in  saving  of  many 
thousand  arms  and  legs  and  1  may  say  lives,  each 
year. 

Cable  railways  for  our  streets,  underground  cables  or 
conduits,  for  telegraph  and  telephone  service,  electric 
lights,  have  made  their  appearance  and  should  be 
welcomed. 

In  a  hasty  glance  on  the  engineering  field  outside 
of  the  United  States,  we  see  little  progress  on  the 
great  Panama  Canal,  although  $107,000,000  is  said  to 


have  been  spent,  and  $283,500,000  is  still  required  to 
complete  the  work,  and  it  is  possible  the  ship  railway 
of  Captain  Lads  may  be  an  assured  success  before  the 
Panama  Canal  is  finished. 

The  Severn  Tunnel,  extending  from  New  Passage 
to  Portskewet,  was  opened  for  travel  during  the  year  ; 
it  is  said  to  be  one  of  the  greatest  engineering  works 
of  the  age ;  passing  under  an  arm  of  the  sea,  under 
water,  its  entire  length  21  miles,  and  w  ith  approaches 
being  41  miles  in  length, and  having  been  131  years  in 
building. 

Considerable  progress  was  made  on  the  Frith  of 
Forth  Railway  Bridge  ;  up  to  close  of  the  year,  27,232 
tons  steel,  98,000  cubic  yards  of  rubble  masonry  and 
concrete,  and  20,000  tons  of  cement  has  been  used, 
and  the  average  number  men  employed  on  the  work 
last  year  was  2,545. 

The  contract  for  the  Hawkesbury  Bridge  was 
awarded  to  an  American  bridge  company,  after  sharp 
competition  with  the  best  bridge  companies  of  France 
and  England ;  this  must  be  very  gratifying  to 
American  bridge  engineers,  and  shows  that  our 
designs  are  as  well  adapted  to  other  countries  as  to 
our  own. 

To  return  to  our  own  affairs,  I  would  state  that  on 
20th  of  April  your  Society  appointed  a  committee  to 
attend  the  meeting,  at  Cleveland,  of  the  Permanent 
Committee  on  National  Public  Works. 

The  meeting  there  extended  from  March  3 1st  to 
April  2d  inclusive.  A  constitution  and  by-laws 
were  adopted,  and  an  executive  committee  appointed 
to  complete  plans  ami  call  all  societies  together  for 
action.  It  is  hoped  that  good  results  will  follow  from 
the  work  of  the  committee. 

Your  Board  of  Directors  met  regularly  and  gave 
diligent  attention  to  the  business  of  the  Society,  and 
while  the  work  of  the  year  from  a  literary  and  scien¬ 
tific  point  of  view  was  not  as  satisfactory  as  we  could 
have  desired,  the  financial  results  were  certainly 
gratifying,  showing  that  your  Secretary  and  Treasurer 
were  faithful  to  the  interests  confided  to  them. 

On  the  1st  of  April  your  Secretary  moved  his  office 
to  the  library  rooms  of  the  Society,  thus  enabling  the 
rooms  to  be  kept  open  for  the  daily  use  of  members, 
and  many  availed  themselves  of  the  privilege  thus 
afforded. 

In  conclusion,  gentlemen,  1  thank  you  fur  your  kind 
treatment  and  the  uniform  courtesy  which  prevailed. 
I  congratulate  you  on  having  in  my  successor  one  who 
will  doubtless  fill  the  specifications  laid  down  by  the 
worthy  first  President  of  our  Society  a  year  ago  as 
necessary  for  a  president,  and  which  I  am  free  to  con¬ 
fess  I  did  not,  but  I  must  ask  you  to  do  better  for  him 
than  you  did  for  me  ;  at  every  meeting  of  the  Society 
give  a  good  paper,  and  I  hope  the  year  18H7  will  be 
marked  as  the  best  in  the  history  of  the  Society. 
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The  election  of  (fficers  to  serve  to  January, 
188S,  resulted,  viz.: 

President,  Alex.  Dempster. 

First  Vice  President,  to  serve  two  years,  J.  A. 
Brashear. 

Second  Vice  President,  to  serve  one  year,  M.  I. 
Becker. 

Directors,  E.  B.  Taylor,  A.  E.  Hunt. 

Secretary,  S.  M.  Wickersham. 

Treasurer,  A.  E.  Frost. 

On  motion,  a  committee  of  three  was  appointed  to 
report  at  our  next  meeting  a  plan  for  opening  the 
library  on  Sundays.  The  Chair  appointed  on  this 
committee  W.  L.  Scaife,  T.  Rodd  and  J.  H.  Harlow. 

On  motion,  a  Committee  on  Programme  was  formed, 
whose  duty  will  be  to  see  that  a  paper  is  prepared  for 
each  regular  meeting. 


On  motion,  the  thanks  of  the  Society  were  given  to 
J.  D.  Weeks,  Esq.,  for  his  attention  to  the  comfort  of 
the  Society  during  the  past  year,  and  also  the  Iron  & 
Steel  Association  received  the  thanks  of  the  Society 
for  the  use  of  their  rooms  in  which  to  hold  the  Society 
meetings. 

On  motion,  the  Library  Committee  was  made  to 
consist  of  four  members. 

On  motion,  the  Secretary  was  instructed  to  procure 
photographs  of  our  ex-Presidents,  to  hang  in  our 
rooms. 

Messrs.  G.  Follansbee,  C.  F.  Buente  and  Walter  F. 
Arms  were  elected  members. 

At  9:50  the  meeting  adjourned. 

S.  M.  Wickersham, 

Secretary. 
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Society  met  on  February  15th,  1887,  at  8  o’clock,  r.  M  ;  present  twenty-live  members.  President  Demp-ter  in 
the  chair.  After  the  routine  business  was  transacted,  Messrs.  R.  S.  Schultz,  and  Alfred  Ilur-t  Read  "ere  ndmttt* 
to  membership.  The  Committee  on  Sunday  Opening  made  the  following  report: 


Gentlemen  : — Your  Committee  appointed  to 
prepare  a  plan  for  opening  the  Library  on  Sundays, 
would  recommend  the  following  arrangement : 

The  appointment  by  the  President  of  a  committee 
of  three,  with  power  to  open  the  library  room  to  the 
members  on  Sundays,  at  such  times  as  they  may  find 
most  suitable;  the  rooms,  on  such  occasions,  being 
placed  in  charge  of  individual  members  of  the  So¬ 
ciety,  who  may  have  volunteered  to  serve,  without 
remuneration,  and  who  shall  be  considered  competent 
by  tiie  committee. 

Although  we  think  it  preferable  to  leave  the  hours 
of  opening  to  the  Special  Committee,  yet  in  case  the 
Society  should  desire  to  specify  them,  we  would  sug¬ 
gest  the  hours  from  2  to  6  in  the  afternoon,  and  7.30 
to  10  in  the  evening. 

Respectfully  submitted, 

W.  L.  SCAIFE, 

J.  H.  Harlow, 
Thos.  Rodd. 

A  motion  was  made  and  seconded  to  lay  the  report 
on  the  table. 

Mr.  Harlow  said  :  At  the  last  meeting,  when  Mr. 
Scaife  offered  his  resolution,  I  was  rather  opposed  to 
the  suggestion,  and  afterwards,  when  meeting  our 
Chairman  I  expressed  something  of  the  same  idea. 
But  I  remember  when  I  first  came  to  Pittsburgh  1  was 
here  alone  for  several  months,  and  1  found  Sunday  a 
very  long  day.  I  often  wished  1  had  some  place  to  go 
to  spend  it. 

Within  the  last  year  I  had  occasion  to  spend 
several  months  in  a  strange  place,  where  I  found  the 
library  was  open,  and  when  I  compared  the  two  cases, 
I  concluded  it  was  a  good  thing  to  have  the  library 
open.  I  make  this  as  explanation  of  my  change  of 
position  since  the  last  meeting. 

Mr.  Danse:  So  far  as  I  am  personally  concerned,  I 
do  not  think  there  is  any  probability  of  my  ever  using 
the  library  rooms  on  Sunday,  for  the  simple  reason  1 
have  a  home  to  spend  it  at,  and  other  ways  of  occupy¬ 
ing  my  time.  But  as  the  gentleman  who  has  just 
spoken  has  said,  there  are  a  great  many  persons  who 


have  no  place  to  goon  Sunday.  1  have  no  doubt  there 
are  a  great  many  of  our  members  in  that  position,  and 
they  would  go  to  a  quiet  place.  It  could  not  possibly 
have  a  bad  influence,  and  I  think  would  certainly  have 
a  good  influence.  I  think  it  would  be  beneficial  to 
them,  and  that  a  number  of  them  at  any  rate  would 
go,  and  would  be  very  glad  to  get  a  place  where  they 
could  go,  and  not  have  to  lie  around  a  boarding-house 
all  day.  I  am  opposed  to  the  motion  (to  lay  on  the 
table),  and  regret  its  having  been  made.  1  hope  it 
will  not  be  carried. 

Mr.  Dempster:  I  think  that  perhap-  the  motion 
may  seem  uncourteous,  but  I  do  not  suppose  it  was 
intended  to  be  that,  but  I  think  you  ought  to  consider 
"ell  before  you  adopt  this.  Now  I  always  go  to  the 
bottom  of  a  thing.  I  look  to  see  what  it*  practical 
workings  are,  and  the  reason  for  adopting  any  certain 
course.  The  last  gentleman  who  ha-  just  -puken  ha- 
dealt  in  generalities,  while  the  first  gentleman  men¬ 
tioned  his  own  individual  case,  but  he  did  not  -ay 
whether  or  not  he  could  not  have  entertained  himself 
at  any  other  place.  It  occurs  to  me  in  this  way:  Shall 
the  Engineers’  Society  of  Western  Pennsylvania  put 
itself  in  the  shape  of  violating  the  law,  of  violating 
the  opinion  of  the  community,  the  expre-sed  opinion 
of  the  community?  Will  it  do  any  good?  Arc  there 
any  gentlemen  here  who  have  no  place  to  go  on  the 
Sabbath  dav?  Are  there  any  gentlemen  here  who 
need  the  information  so  much  as  to  require  the  open¬ 
ing  of  the  rooms? 

These  are  the  questions  that  present  themselves.  If 
the  library  can  be  used  on  week  days,  for  the  benefit 
of  every  member,  or  of  each  mem  tier,  then  there  can 
be  no  excuse  for  opening  it  on  the  Sabbath  day,  and 
even  if  this  is  done  the  danger  is  that  it  will  degen¬ 
erate*  I  have  the  greatest  confidence  in  the  gentle¬ 
men  who  offered  this  resolution.  I  know  their  go^nl 
intentions.  1  know  it  is  their  desire  to  benefit  the 
Society  to  the  utmost  of  their  ability,  to  the  utm<»-t 
extent  it  can  be  done.  I  know  that  and  I  feel  it,  but 
•  1  think  they  are  mistaken.  I  think  they  are  mistaken 
in  their  action,  and  1  think  they  are  mistaken  as  to 
what  the  results  will  be. 
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1  may  be  mistaken  myself,  and  those  that  think 
with  me,  but  1  still  think  we  ought  not  to  open  the 
library  on  Sunday  until  all  other  means  are  exhausted 
whereby  members  can  get  all  the  benefit  they  want  to 
derive  from  the  library  in  other  ways. 

If  you  noticed  the  report  of  the  Secretary  at  the 
last  meeting,  it  was,  that  on  certain  Friday  nights  not 
a  single  solitary  individual  came.  Now  if  there  are 
persons  who  are  thirsting  for  knowledge  and  want  to 
slake  their  thirst  at  this  fountain,  why  not  come  and 
drink  on  Friday  night,  when  they  have  an  opportunity, 
or  at  any  other  time  when  they  have  an  opportunity? 

Then  we  are  placing  ourselves  in  the  position  of 
opposition  to  public  opinion,  in  opening  our  rooms  on 
the  Sabbath  day.  Now  1  do  not  want  to  place  myself 
in  a  position  of  trying  to  think  for  anybody  else,  or  to 
set  myself  up  as  the  conscience  of  any  man.  It  is 
every  man’s  right  to  think  as  he  pleases  and  to  do  as 
he  pleases,  so  far  as  a  gentleman  is  concerned.  I  do 
not  want  to  place  myself  in  that  position,  but  it  is  a 
different  thing  when  we  are  members  of  a  society. 
We  are  an  organized  body,  and  that  organized  body 
places  itself  in  the  position  of  opening  its  doors  on  the 
Sabbath  day,  its  front  doors,  while  the  saloon  opens 
its  back  door.  1  think  it  will  be  a  bad  proceeding, 
and  it  will  be  an  entering  wedge  to  the  dissolution  of 
the  Society. 

This  is  my  candid  opinion,  and  I  hope  it  will  not 
prevail  to  open  the  rooms  on  the  Sabbath  day.  I 
think  that  there  are  other  means  which  can  be  adopted, 
whereby  every  member  of  this  Society  who  desires  to 
get  the  benefit  out  of  the  books  that  may  be  derived, 
can  do  it  on  another  day  from  the  Sabbath  day. 

Mr.  Kirk  :  I  would  like  to  say  a  word  on  this  sub¬ 
ject.  I  seconded  the  motion  to  lay  on  the  table, 
mainlv  from  the  reason,  that  1  read  manv  vears  ago  a 
work  by  Sir  Matthew  Hale  in  which  he  showed  by 
the  figures,  actual  statistics,  that  the  lawyers  of  Lon¬ 
don  were  more  given  to  insanity  than  any  other  class 
of  men  in  the  kingdom.  He  attributed  it  entirely, 
without  any  hesitation  at  all,  to  the  continual  drag  of 
the  mind  in  one  channel.  That  the  lawyers,  as  a 
class,  paid  no  attention  to  the  Sabbath  as  a  day  of 
worship.  They  were  simply  drag,  drag,  drag  all  the 
time.  They  were  violating  the  laws  of  nature  that 
calls  for  a  cessation  of  trains  of  thought  as  much  as  it 
calls  for  the  cessation  of  the  train  of  labor  on  that  day. 
And  I  have  watched  that  through  my  life  in  a  great 
many  instances.  I  say  that  the  engineer  that  cannot 
satisfy  himself  with  learning  in  his  profession  in  the 
six  days  of  the  week,  will  not  gain  anything  by  work 
on  the  seventh.  I  have  never  yet  seen  a  man  prosper 
bv  working  on  the  Sabbath  d-.iv. 

And  as  to  the  necessity  of  the  rooms  being  open,  I 
think  my  lot  has  been  cast  at  times  among  as  many 
lonely  places  on  the  Sabbath  day  as  the  average  busi¬ 


ness  man.  1  have  repeatedly  been  caught  away  off  in 
the  lonely  villages  of  the  Allegheny  mountains,  where 
it  seemed  to  me  that  even  civilization  was  very  scarce, 
and  yet  there  a  man  can  find  good  company,  and  ser¬ 
vices  appropriate  to  the  day,  in  keeping  with  the 
march  of  intellect  on  that  subject,  and  1  do  not  see, 
laying  aside,  even  ignoring  for  the  time  any  religious 
application  to  Pennsylvania,  the  law  of  the  Sabbath 
is  the  law  of  God,  and  I  say  that  it  is  not  necessary 
and  will  not  be  for  the  good  of  the  Society  to  open  the 
rooms.  It  never  has  been,  in  my  observation  and 
knowledge,  of  good  to  any  society  to  do  such  a  thing. 
There  is  no  neeessitv  for  anvone  being  lonelv  in  Pitts- 
burgh.  When  1  came  to  Pittsburgh  1  was  isolated 
and  alone  ;  without  a  single  acquaintance. 
I  never  had  occasion  to  go  to  a  library 
room.  If  men  are  so  disposed  there  are  plenty  of 
Sabbath  Schools  an  l  preaching,  and  that  is  a  change 
from  the  channel  of  thought  That  would  not  be 
found  if  we  kept  open  our  books  and  studies  on  the 
same  subject. 

I  say  it  is  unnecessary ;  it  will  be  an  injury  to  the 
Society  to  do  it,  and  a  disgrace  to  the  members,  as 
has  been  said. 

Mr.  Brown:  I  think  that  Mr.  Kirk’s  speech  is  the 
greatest  thing  in  favor  of  opening  the  library,  ft  is 
a  fine  thing  for  members  to  talk  this  way  who  have 
books  in  their  own  libraries,  but  now  there  are  others 
that  do  not  possess  these  advantages  who  may  wish  to 
consult  particular  authors.  Every  engineer  cannot 
afford  to  carry  a  universal  library  around,  and  it 
would  be  a  verv  good  thing  for  manv  of  them  to  con- 
suit  authors  that  they  cannot  afford  to  buy  for  them¬ 
selves. 

Mr.  Rood:  Mr.  Chairman,  it  seems  to  me  that  this 
is  an  organization  or  club  composed  of  intelligent 
men,  all  able  to  judge  for  themselves.  There  may  be 
some  good  reasons  on  both  sides,  but  I  agree  with  the 
views  expressed  by  the  gentleman,  that  if  there  are 
members  of  the  Club  who  desire  to  use  the  rooms  of 
the  Society,  they  ought  to  have  the  right  and  be  per¬ 
fectly  free  to  do  it.  They  do  it  for  no  bad  purpose- 
They  will  not  all  go  to  Sabbath  Schools  and  churches. 
If  it  turn  out  that  the  privilege  of  going  to  the  rooms 
be  misused,  it  would  be  a  simple  matter  to  stop  it.  I 
think  it  would  be  a  good  thing  to  give  it  a  trial. 

Mr.  Hunt:  The  only  preface  l  will  make  is,  to  state 
first,  that  I  don’t  want  to  be  considered  as  a  hypocrite. 
I  am  sorry  to  say  I  do  not  attend  Sunday  School  as 
often  as  1  ought.  Further,  that  I  read  books  akin  to 
those  we  can  find  in  our  library,  on  Sunday,  and  I 
read  them  more  than  I  do  those  that  brother  Kirk 
has  referred  to.  And  1  again  want  to  say,  that  I  feel 
we  ought  to  have  the  right,  as  members  of  the  Society, 
to  the  use  of  the  library  more  than  we  have  had; 
and  I  will  go  still  further,  that  we  ought  to  have  the 
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right  to  use  it  if  we  wish  to  on  Sunday.  That  far  1 
(logo.  On  the  other  hand,  1  think  we  have  arguments 
put  from  the  other  side  in  a  way  that  surely  we  ought 
to  consider  seriously  before  w*»  decide  to  the  contrary. 

This  is  an  organization,  and  while  we  as  individuals 
could  each  of  ns  take  a  course  which  nobody  would 
have  a  right  to  question,  as  an  organization  suc  h  a 
course  will  he  questioned  and  will  be  criticised.  1 
should  be  loath  to  be  held  up  in  this  matter  as  being 
one  belonging  to  an  organization  that  were  among  the 
first  to  break  down  the  Sunday  laws  of  Pittsburgh. 

1  was  not  used  to  that  when  I  came  to  Pittsburgh, 
and  when  anything  got  wrong  with  the  furnaces  I  had 
been  in  the  habit  of  taking  Sunday  to  make  repairs. 

1  had  always  done  so  until  I  came  to  Pittsburgh.  But 
when  I  went  to  do  that  on  my  first  Sunday  here,  Mr. 
Parke  told  me  that  was  not  the  Pittsburgh  notion; 
was  not  the  Pittsburgh  way  of  doing  things.  1  had  to 
quit  it.  And  now  I  am  very  glad  to  say  that  I  honor 
the  Sunday  observance  practiced  here.  I  have  come 
to  respect  the  strict  Puritanical  notion  of  Sunday  in 
vogue  here,  if  such  a  term  may  be  used;  although,  as 
1  have  said  before,  I  do  not  always  live  up  to  it.  And 
1  am  going  to  vote  to  t:.ble  this  resolution,  because  I 
believe,  as  an  organization  we  should  not  keep  our 
library  open. 

I  would  like  to  hear  from  the  President  before  this 
matter  is  put  to  a  vote,  as  to  the  other  wav  that  he  had 
in  mind  whereby  our  library  could  become  of  more 
service  to  the  members.  I  hope  he  has  something 
that  will  give  us  new  light  on  the  subject.  If  he  has 
a  way  whereby  the  books  could  be  male  of  more 
practical  use  to  us  as  books  of  reference,  I  am  in  favor 
of  that ;  but  as  an  organization,  as  it  would  lie  injurious 
to  us,  we  should  not  keep  the  rooms  open. 

Mr.  Frost:  There  is  one  point  which  I  have  not 

heard  mentioned  to-night,  and  while  I  do  not  take  a 

personal  view  of  the  matter,  it  may  be  as  well  for  the 

Society  to  consider  it.  We  have  a  membership  of 

nearly  three  hundred,  with  an  attendance  of  less  than 

fifty  here  to-night.  There  must  certainly  be  some 

objection  to  the  minority  taking  so  important  an 

action  as  this.  But  that  is  not  just  the  point.  What 

is  the  Society  going  to  do  for  its  support?  Is  the 

minority  going  to  support  it  by  its  fees,  or  is  it  going 

to  provide  other  than  the  present  way  of  maintaining 

it,  whereby  our  expenditures  will  be  met  a*  they  have 

been  in  years  past,  so  that  we  will  come  out  with  a 

balance  each  year.  This  is  a  prudential  consideration. 

I  believe  there  are  many  who  might  be  stvled  con- 

tributing  members,  who  would  be  unwilling  to  take  an 

action  which  they  do  not  consider  as  necessarv.  I 

have  in  mind  a  member  who  has  contributed  largely 

toward  the  building  up  of  the  library,  whom  I  feel 

certain  would  not  be  in  favor  of  this  step.  1  do  not 

know  what  mav  be  the  views  of  mauv  who  are  absent 

.. 
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to-night,  but  we  ought  to  take  that  into  consideration 
also.  I  have  personally  no  objection  to  the  o|>cuiug 
of  the  rooms  so  far  as  t  he  use  is  concerned  for  legiti¬ 
mate  purposes,  but  here  is  the  prudential  consideration 
that  we  ought  to  acknowledge  to  some  extent. 

Mr.  Scaifk:  I  had  not  inten  le  I  to  sav  anything, 
having  with  the  other  members  of  the  (committee 
formulated  a  means  by  which  the  library  could  In- 
opened  if  desired.  I  thought  the  committee  had  done 
their  part  in  bringing  up  the  motion.  Originally  it 
was  done  because  I  had  heard  a  numb  >r  of  members 
express  the  wish  to  get  into  the  library  on  Sunday, 
and  I  thought  tliev  had  a  right  to  do  so  if  tliev  de-ired 
it.  I  considered  it  the  only  proper  way  that  they 
should  have  access  to  the  library  would  be  by  licing 
authorized  bv  the  Society.  I  take  a  rather  different 
view  of  the  moral  aspect  from  our  worthy  President. 
This  is  the  way  it  appears  to  me:  I  consider  this 
library  a  co-operative  library,  belonging  partly  and 
whollv  to  the  members  of  the  Societv.  If  tliev  wish 

mm 

to  make  use  of  it,  1  consider  they  have  a  right  to  do 
so,  in  so  far  as  they  do  not  contravene  anything  that  i- 
right.  Therefore  the  question  comes  up, and  did  come 
up  to  me,  whether  it  is  not  right  for  the  library  to  In- 
open  on  Sunday.  1  have  thought  seriously  of  the 
matter,  and  with  a  number  of  gentlemen  who  have 
spoken,  I  consider  it  not  only  right  but  l»eneficial  to 
the  Society.  If  the  members  wish  to  make  use  of  the 
librarv,  certainlv  tliev  have  the  right  to  make  use  of 
it,  and  if  they  don’t  wish  to  make  use  of  it  there  i-  no 
use  in  opening  it.  This  library  being  a  co-operative 
library,  I  consider  it  no  worse  to  make  use  of  it  than 
we  to  make  use  of  our  own  libraries  on  Sunday.  1  do 
not  believe  there  is  a  gentlemen  here  that  does  hesi¬ 
tate  to  go  into  his  librarv  and  read  any  l>ook  that  i- 
there,  taking  it  for  granted  that  there  i-  no  improper 
books  in  their  libraries.  I  do  not  know  whether  the 
other  members  of  the  Society  will  take  thi»  view  of 
the  matter  or  not,  but  it  seems  to  me  the  proper  one. 
And  there  is  no  reason  why  member*  who  have 
libraries  of  their  own  should  make  rules  for  other*  who 
have  not. 

Mr.  Monroe:  1  certainly  do  not  intend  any  dis¬ 
respect  to  the  very  worthy  committee  that  has  pre¬ 
sented  this  report,  but  1  take  it  from  a  moral  |M*int  of 
view  entirely.  I  could  not  have  voted  for  t  he  report,  and 
so  I  made  the  motion  to  lay  it  on  the  table,  believing  it 
better  there  than  to  bring  it  up  this  evening  or  any 
time.  And  1  think  to  keep  the  library  closed  will  in¬ 
crease  our  finances  more  than  if  we  open  it.  I  have 
understood  from  different  ones  it  will  have  that 
effect.  I  certainly  shall  vote  against  opening  it. 

Mr.  Miller:  Mr.  Chairman,  I  have  been  very 
highly  entertained  by  the  different  gentlemen  who 
have  made  remarks  here  to-night.  I  have  been  a 
member  for  li ft v  vears  of  mechanical  institute*  and 
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such  like,  and  I  have  never  belonged  to  one  that  was 
open  on  the  Sabbath  day.  1  am  not  that  very  re¬ 
ligious  that  I  would  want  to  dictate  to  other  people 
what  they  should  do,  hut  1  think  if  the  Engineers’ 
Society  of  Western  Pennsylvania  would  open  their 
library,  it  would  be  a  stepping-stone  to  the  theatre,  to 
the  race  course  and  to  the  opening  of  saloons  in  gen¬ 
eral.  If  engineers,  who  are  considered  to  he  all  pretty 
well  informed  gentlemen,  think  it  is  right  to  open 
on  the  Sabbath  day,  why  should  not  these  other 
people  who  want  to  go  to  the  theatre,  to  the  concert 
or  the  coliseum,  or  such  things?  I,  for  one,  will  vote 
against  it.  I  have  been  a  little  particular,  and  I  have 
found  that  the  first  stepping-stone  soon  leads  to  others. 
I  have  been  in  France,  where  they  work  until  twelve 
o’clock  on  the  Sabbath  day.  I  have  seen  them  pave 
the  streets  in  Geneva  until  twelve  o’clock  on  the  Sab¬ 
bath  day,  and  I  think  no  good  was  derived  from  that; 
and  I  further  think,  that  unless  there  is  a  more  urgent 
necessity  than  at  present  exists,  that  it  will  be  a  had 
example  for  the  engineers  to  set  before  a  community 
like  Pittsburgh.  1  will  vote  against  it. 

Mr.  Scaife  :  I  would  merely  like  to  remark,  that 
when  in  the  cities  of  Europe,  that  so  far  as  my  ob¬ 
servation  went,  generally  the  saloons,  balls  and  so  on, 
were  open  first  and  the  libraries  were  the  veryJast 
things  that  were  opened.  I  have  an  idea  that  if  the 
libraries  had  been  open  sooner,  and  the  people  had 
been  educated  to  use  them,  the  saloons  would  have 
been  a  great  deal  longer  being  opened. 

Mr.  Dempster:  It  is  all  very  well  to  make  asser¬ 
tions  and  speak  for  other  people  who  do  not  speak  for 


themselves.  It  is  a  plain  fact  in  my  opinion  that  you 
are  violating  the  civil  law  of  the  city.  You  are 
throwing  a  flagrant  offense  into  the  faces  of  the 
church-going  people  of  the  cities  of  Pittsburgh  and 
Allegheny.  Now,  can  we  afford  to  do  this?  Can 
we  afford  to  violate  our  charter  ?  We  are  now  going  to 
take  action  that  will  he  a  violation  of  the  law  of  the 
city,  in  my  opinion.  But  it  is  for  the  majority  to 
decide.  But,  gentlemen,  1  will  say  this,  in  all  kind¬ 
ness  and  all  eandor,  let  each  gentleman  speak  his  own 
personal  opinion. 

So  far  as  Mr.  Scaife’s  point  is  concerned  in  the  main, 
I  agree  with  the  correctness  of  it  in  one  point  of  view, 
that  we  are  a  co-operative  association,  co-operative  as 
to  the  right  to  use  the  library,  hut  in  order  to  adopt 
your  views  we  shall  have  to  change  our  charter.  And, 
finally,  that  a  man  may  do  as  an  individual  what  as  a 
member  of  a  society  he  cannot  do. 

The  question  was  then  put,  and  by  a  standing  vote 
of  12  yeas,  10  nays,  the  report  was  laid  on  the  table. 

A  paper  on  “High  and  Low  Water  Lines  in  the 
Allegheny,  Monongahela  and  Ohio  rivers,  from  Se- 
wickley  to  Freeport  and  McKeesport,”  prepared  by 
T.  P.  Roberts,  was  read  by  Geo.  W.  Brown,  Esq.,  and 
discussion  deferred. 

Mr.  Todd  read  the  “Specifications  for  Bridge 
Building  by  the  Keystone  Bridge  Company,”  after 
which  the  meeting  adjourned. 

S.  M.  WlCKERSHAM, 

Secretary. 


[ 


ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 


At  the  regular  monthly  meeting,  held  on  March  15th,  1887,  twenty-seven  members  and  eight  visitor-  were  present. 
President  Dempster  in  the  chair.  After  the  regular  business  was  transacted.  Messrs.  Wm.  G.  Wilkins  ami  Chas.  s.  Pease 
were  admitted  to  membership.  Mr.  Metcalf  offered  the  following  preamble  and  resolution: 


Whereas,  We  have  learned  with  deep  regret  of 
the  death,  in  the  prime  of  life,  of  the  eminent  engineer 
and  public  benefactor,  James  B.  Eads. 

Resolved,  That  we  do  hereby  testify  our  appreciation 
of  his  great  character,  and  offer  to  his  family  our 
earnest  sympathy  in  a  loss  which  comes  to  us  as  a 
national  bereavement,  and  to  them  as  a  calamity  too 
deep  for  expression. 

On  his  motion  of  sympathy  at  the  death  of  Captain 
Eads,  Mr.  Metcalf  said  :  It  is  fitting  that  we,  as  a 
Society,  in  this  city  where  Captain  Eads  was  known 
for  so  many  years,  and  where  he  had  so  many  friends, 
should  express  our  sense  of  the  loss  occasioned  by  his 
death,  and  that  we  should  send  a  copy  of  the  resolu¬ 
tion  to  his  son,  and  also  have  it  on  our  minutes. 

Mr.  A.  Dempster  :  Ere  we  pass  this  resolution,  and 
pay  our  tribute  of  respect  to  the  memory  of  him 
whom  we  knew  but  to  admire  for  his  genius,  and  es¬ 
teem  for  the  sterling  qualities  of  noble  manhood, 
deeply  stamped  upon  his  character  and  conduct,  per¬ 
mit  me  to  express  a  “word  of  sorrow”  at  the  loss  sus¬ 
tained,  and  of  sympathy  to  those  who  mourn  his 
death.  My  mind  recurs  to  the  meeting  he  ad¬ 
dressed  here  about  one  year  ago.  I  see  him  as  he 
stood  where  I  now  stand,  explaining  with  the  con¬ 
vincing  eloquence  which  was  the  offspring  of  his 
abounding  confidence  in  the  feasibility  of  his  project, 
the  details  of  the  great  “  Ship  Railroad,”  which  as  a 
band  of  steel  across  the  chord  of  the  continents  would 
connect  the  Atlantic  and  Pacific  oceans,  and  safely 
transfer  the  leviathans  of  commerce  from  the  one 
ocean  to  the  other  on  their  mission  from  China  to 
Europe. 

Fully  impressed  with  the  correctness  of  his  ideas, 
wrought  out  in  detail  by  his  masterly  mind,  he  saw 
the  end  from  the  beginning,  and  with  the  pennant  of 
success  ever  present  to  his  eyes,  he  went  forward  under 
the  impulse  of  that  complete  confidence  in  his  own 
ability  which  accomplished  the  construction  of  the 
St.  Louis  bridge,  to  span  the  mighty  river  and  to  direct 
its  onward  flow  into  the  gulf,  and  make  the  Father  of 
Waters  pay  tribute  to  the  commerce  of  the  world. 
The  scope  of  his  genius  and  grasp  of  his  mind  were 
far  in  excess  of  the  most  of  men,  and  he  occupied  a 


commanding  eminence  in  the  profession  on  which  hi* 
genius  reflected  so  much  credit ;  but  I  acknowledge 
my  inability  to  do  full  justice  to  his  ability,  and  will 
content  myself  in  laying  a  simple  flower  of  friendship 
on  his  bier. 

The  preamble  and  resolution  were  adopted. 

Mr.  E.  Tiiacher  then  read  : 

SPECIFICATIONS  FOR  RAILWAY  BRIDGES. 

When  the  accompanying  general  specifications  of 
the  Keystone  Bridge  Company  were  prepared,  the 
writer  had  no  idea  of  making  them  the  subject  of  a 
paper  before  this  Society;  but  by  the  solicitation  of 
some  of  the  members  they  are  brought  forward,  in  the 
hope  that  they  may  bring  out  some  discussion  that 
may  be  of  interest  and  value. 

After  giving  requirements  as  to  form  of  truss,  stress 
sheet  and  clearance,  comes  a  description  of  roadway 
for  single  and  double  track  truss  bridges  and  plate 
girders.  In  single  track  bridges  the  track  stringers 
are  placed  nine  feet  between  centres,  more  than  the 
usual  distance.  This  was  done  for  several  reasons: 
first,  it  is  more  economical  than  a  lesser  distance  ; 
second,  any  lurch  of  a  train  in  passing  over  the  bridge 
occasions  less  irregularity  of  stress  and  deflection  in 
the  two  lines  of  stringers,  and  the  track  is  maintained 
more  nearly  level  than  by  a  lesser  distance;  third, 
this  distance  allows  hook  bolts  fastening  the  cross-tie- 
to  the  outer  flange  of  stringers  to  pass  through  the 
guard  rail,  the  latter  being  at  a  projier  distance  from 
the  rail ;  fourth,  the  track  stringers  being  in  close 
proximity  to  the  bottom  chord  assist  the  latter  in 
resisting  reversed  stresses  due  to  wind.  The  writer 
endeavored  to  prove  in  his  discussion  of  Joseph  M. 
Wilson’s  paper  on  “Specifications  for  Strength  of  Iron 
Bridges,”  Transactions  American  Society  of  Civil  En¬ 
gineers,  June,  188fi,  that  without  some  such  precaution, 
the  wind  usually  specified  would  collapse  the  great 
majority  of  bridges  in  this  country. 

In  double  track  bridges  the  conditions  are  very 
different,  and  the  track  stringers  are  placed  t>'  t»" 
between  centers  for  each  track.  This  is  as  economical 
as  any  other  distance;  it  gives  about  equal  spacing 
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of  stringers,  and  no  trouble  in  attachments  to  floor 
beams.  It  allows  hook  bolts  fastening  cross-ties  to  the 
inner  flange  of  stringers  to  pass  through  the  guard 
rails.  It  allows  of  the  use  of  smaller  cross-ties  than 
a  greater  distance,  and  as  the  weight  and  width  of 
bridge  are  much  greater  than  in  single  track  bridges, 
there  is  little  or  no  danger  of  collapse. 

The  specifications  consider  ten  different  classes  of 
rolling  loads,  each  composed  of  two  engines  followed 
by  a  uniform  train  load.  The  engines  it  will  be  seen 
from  the  diagrams,  range  from  a  44  ton  narrow  gauge 
consolidation,  to  a  112  ton  decapod,  and  the  following 
loads  from  1600  to  3000  pounds  per  lineal  foot  of 
bridge.  Such  loads  have  been  selected  as  we  are  most 
frequently  invited  to  base  estimates  upon,  but  they 
embrace  but  a  limited  portion  of  the  number  submit¬ 
ted  to  us. 

A  table  has  been  prepared  giving  the  equivalent 
uniform  loads  corresponding  to  these  ten  different 
classes  of  wheel  loads  for  spans  ranging  from  10  to  300 
feet  in  length.  For  spans  up  to  70  feet  the  loads  are 
calculated  from  a  maximum  center  moment,  and  for 
spans  of  75  feet  and  upwards,  from  a  maximum  end 
shear.  These  uniform  loads  give  essentially  the  same 
results  as  the  wheel  loads,  and  are  a  great  convenience 
in  calculation  ;  for  example,  take  a  170  foot  span  con¬ 
taining  ten  panels  of  17  feet  each,  rolling  load  class  7 ; 
opposite  17  (one  panel  length)  find  6180  pounds,  the 
load  per  lineal  foot  for  which  track  stringers  must 
be  calculated ;  opposite  34  (two  panel  lengths)  find 
4610  pounds,  the  load  per  lineal  foot  of  bridge  for 
which  floor  beams  and  suspenders  must  be  calculated, 
and  opposite  170  find  3350  pounds,  the  load  per  lineal 
foot  of  bridge  for  which  truss  members  must  be  cal¬ 
culated.  The  chord  stresses  for  spans  exceeding  200 
feet  in  length  are,  by  specifications,  calculated  from 
the  uniform  train  load,  and  an  excess  load  of  about 
the  length  of  two  engines,  the  equivalent  loads  in  the 
table  giving  for  such  spans  too  great  a  result  in  panels 
towards  the  center  ;  but  if  the  engines  are  preceded  as 
well  as  followed  by  the  train  loads,  the  equivalent 
loads  given  in  the  table  can  be  used  for  the  calculation 
of  the  chord  stresses  in  spans  of  any  length,  and  the 
results  will  be  essentially  the  same  as  from  the  wheel 
loads  placed  in  position  for  maximum  effect.  The 
great  variety  of  specifications  adopted  by  the  different 
railroad  companies,  not  only  as  regards  loads,  but  unit 
stresses,  impacts,  and  other  conditions,  add  greatly  to 
the  cost  of  estimating  bv  bridge  companies.  With 
manv  hundreds  of  estimates  on  record,  and  in  condition 
for  convenient  reference,  it  rarely  happens  that  any 
old  estimates  can  be  found  to  suit  a  case  in  hand. 

It  would  be  very  desirable  if  the  representative 
bridge  and  railroad  engineers  in  this  country  could 
get  together,  and  agree  upon  a  bridge  specifications 
that  could  be  truly  called  American  Standard. 


Very  few  railroad  companies  use  such  engines  as 
their  bridges  are  calculated  for,  and  four  or  five  vari¬ 
eties  of  rolling  loads  should  be  sufficient  to  satisfy  the 
wants  of  all.  I  do  not  know  as  it  would  be  possible  to 
agree  upon  the  quality  of  material,  as  some  attempts 
have  been  made  in  that  direction,  but  a  great  step  in 
advance  would  be  made  if  all  other  requirements 
were  made  uniform. 

We  will  next  consider  the  unit  stresses  given  in 
paragraph  13. 

The  formula  for  wrought  iron  tension  members  is  a 
modification  of  Launhardt’s,  proposed  by  Prof.  Wm. 
Cain,  and  the  same  as  used  by  the  Penna.  R.  R.  I 
am  satisfied  with  this  formula.  To  my  mind  it  meets 
the  question  of  impact  perfectly,  and  is  a  vast  improve¬ 
ment  on  the  arbitrary  rule  of  thumb  or  percentage 
plan  given  in  most  specifications ;  for  example,  to  use 
a  working  stress  of  7000  pounds  per  square  inch  in 
the  flange  of  a  girder  20  feet  long,  and  8000  pounds 
per  square  inch  or  14  per  cent  more  if  20'  l"  long, 
is  not  consistent,  and  shows  either  a  waste  of  material 
in  one  case  or  a  deficiency  in  the  other,  whereas  by 
the  formula  the  working  stresses  give  an  unbroken 
line,  and  the  change  is  gradual  from  one  condition  of 
loading  to  another.  Launhardt’s  formula  originally 
proposed  for  working  stresses,  and  obtained  by  substi¬ 
tuting  the  constants  determined  by  Wohler’s  experi¬ 
ments,  using  a  factor  of  safety  of  three  is 

Min.  stress. 

10000  (1-| - ).  This  allows  for  an  unlim- 

2  Max.  stress. 

ited  number  of  repetitions  of  stress,  but  not  for  impacts. 

The  following  table  compares  the  results  obtained 
by  this  formula  with  those  obtained  from  Prof.  Cain’s, 
and  it  will  be  seen  that  the  allowance  for  impact  by 
the  latter  ranges  from  0  for  all  dead  load  to  334  per 
cent,  for  all  live  load. 


Min. 

Working  Stress. 

~  a  ~ 

# 

Max. 

Aver¬ 

age. 

Laun- 

hardt. 

Cain. 

© 

— 

ct 

M 

hH 

£  Ho 
J2T  >> 
O  o  — 

^  VI 

Counters . 

0.0 

10000 

7500 

1.333 

Per  Ct. 

33.3 

Track  Stringers . 

o.os 

10400 

S100 

1.2S4 

2S.4 

Floor  beams  &  Suspenders.. 
Bottom  Chords,  100'  span... 

0.15 

10750 

S625 

1.246 

24.3 

0.25 

11250 

9375 

1.200 

20.0 

Bottom  Chords,  200'  span. . . 

0.333 

11666 

10000 

1.166 

16.6 

Constant  Loads . 

1.001 

1500  )| 

15000 

1.000 

00.0 

.  _  _  jiii ii.  #  t  .  .  . 

The  values  of  -  given  in  the  table  are  average 

max. 

cases.  Taking  the  stress  allowed  on  the  bottom  chord 
of  the  20CK  span,  viz.,  10000  pounds  as  a  basis,  we  will 
find  the  allowance  for  impact  on  live  load  as  follows : 
Counters,  33J  per  cent.;  Track  stringers,  25  per  cent.; 
floor  beams  and  suspenders,  19  per  cent.,  and  bottom 
chords  of  100/  span,  7  per  cent.  Results  by  this 
formula  are  believed  to  be  well  within  the  limits  of 
safety  and  do  not  exceed  average  present  practice. 
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The  allowed  stresses  on  steel  tension  members  are  1.4 
times  greater  than  on  iron,  this  being  about  the  ratio 
of  ultimate  strength. 

The  formulae  for  iron  columns  with  Hat  and  pin  ends 
result  from  the  experiments  made  by  (4.  Bouscaren, 
Clark  &  Reeves,  James  Christie,  Joseph  M.  Wilson, 
and  the  United  States  Government  at  Watertown,  as 
platted  by  Mr.  Wilson  and  shown  on  Plates  XXXV 
and  XXXVI  of  the  paper  heretofore  mentioned. 
These  plates  give  the  ultimate  strength  of  the  columns 

tested  in  terms  of  r  .  Lines  were  drawn  connecting 

the  maximum  and  also  the  minimum  values  of  break¬ 
ing  strength.  The  formulae  are  the  equations  of  the 
lines  passing  through  the  centers  of  gravity  of  the 
inclosed  areas,  allowing  a  factor  of  safety  of  five,  and 
represent  the  average  strength  of  the  columns  for  all 

values  of  — .  The  formula  for  columns  Hat  at  one 

end  and  pin  at  the  other  was  taken  as  a  mean  between 
that  flat  at  both  ends  and  that  pin  at  both  ends. 

The  formula  for  steel  columns  with  Hat  ends  is 
founded  on  the  careful  experiments  made  by  James 
Christie,  as  recorded  in  Transactions  of  the  American 
Society  of  Civil  Engineers,  August,  1884.  The  form¬ 
ula  for  flat  ended  iron  and  steel  columns  give  the 
same  strength  for  a 

value  of  =  200,  which  agrees  well  with  Mr. 

Christie’s  experiments.  It  is  presumed  that  this  rela¬ 
tion  between  iron  and  steel  will  hold  good  for  pin 
ended  columns,  but  in  the  absence  of  experiments  on 
steel  it  was  deemed  advisable  to  err  on  the  side  of 
safety,  and  assume  that  the  strength  of  iron  and  steel 

pin  ended  columns  was  the  same  for  a  value  of  r 
=  150,  and  the  formula  thus  considers.  As  was  the 
case  in  iron,  the  formula  for  columns  Hat  at  one  end 
and  pin  at  the  other  is  a  mean  between  that  flat  at 
both  ends  and  that  pin  at  both  ends.  It  will  be  ob¬ 
served  that  the  formulae  for  compression  members  do 
not  consider  Launhardt’s  formula,  the  latter  being  used 
only  when  the  allowed  stress  by  it  is  less  than  by  the 
compression  formulae,  which  is  rarely  the  case. 
Launhardt’s  formula  as  modified  provides  for  the 
fatigue  of  the  material,  and  for  impacts,  and  the  com¬ 
pression  formula1  provide  against  failure,  partially  or 
wholly,  by  flexure.  Columns  deflect  very  little  until 
near  the  breaking  point,  and  repetitions  of  stress  with¬ 
in  safe  or  working  limits  are  not  repetitions  of  flexure. 
So  long  as  the  column  is  not  subjected  to  an  eccentric 
stress  due  to  flexure,  and  so  long  as  the  stress  does  not 
exceed  the  limits  of  Launhardt’s  formula  it  cannot  be 
injured  by  an  unlimited  number  of  repetitions  of  such 
stress. 

The  formula1  for  the  compressed  flanges  of  beams 
and  girders  recognize  the  well  known  fact  that  when 
the  flange  is  unsupported  for  any  considerable  distance, 


failure  happens  by  bending  sideways;  they  are  the 
game  as  given  by  Prof.  Kankine,  except  the  numerator 
has  been  changed  to  suit  different  conditions  and  ma¬ 
terials.  For  wrought  iron,  the  allowed  stress  for  rolled 
beams  is  about  twelve  and  one-half  j>er  cent,  greater 
than  for  riveted,  some  experiments  seeming  to  give 
about  this  difference  in  their  favor.  For  steel,  the 
allowed  stress  is  the  same  for  riveted  as  for  solid 
rolled  beams.  The  reason  for  this  may  be  found  under 
the  quality  of  material,  steel  being  used  having  an 
average  ultimate  strength  of  72,000  lbs.  in  one  case, 
and  G  1,000  lbs.  in  the  other. 

The  formula*  for  lateral  struts  allow  a  working  stres- 
about  twenty-five  per  cent,  greater  than  for  pin  ended 
columns  in  truss  members,  a  larger  apparent  factor  of 
safety  than  for  lateral  rods.  This  is  due  to  the  fact 
that  such  struts  are  frequently  shallow,  and  much 
weakened  by  the  deflection  due  to  their  own  weight. 

The  formulae  for  members  subject  to  alternate  ten¬ 
sion,  and  compression  consider  what  1  believe  to  be  a 
fact,  that  so  long  as  the  member  satisfies  the  com¬ 
pression  formula1,  and  is  within  the  limits  ot  W  ey- 
rauch’s  formula  for  alternate  stress,  it  is  safe  under  all 
conditions. 

The  rules  governing  combined  stresses,  when  the 
cross-ties  rest  directly  on  the  top  or  bottom  chords,  are 
believed  to  be  safe.  I,  however,  consider  such  con¬ 
struction  inferior  at  best,  but  some  will  have  it.  and 
sometimes  it  is  difficult  to  avoid.  The  stresses  are 
really  indeterminate,  and  much  affected  by  deflections 
at  panel  points,  character  of  splices,  and  position  ot 
pins.  The  stresses  allowed  on  pins  and  rivets  do  not 
differ  materially  from  ordinary  present  practice,  and 
are  believed  to  be  abundantly  safe.  The  formulae  for 
timber  columns  are  derived  from  Ibnlgkinson’s  ex|>er- 
iments  on  columns  of  Dantzic  oak,  red  deal  and  French 
oak  combined  with  the  experiments  of  (  apt.  Hodman, 
U.  S.  Engineer,  on  the  transverse  strength  of  Ameri¬ 
can  timber.  It  was  found  that  the  column  strength 
by  Hodgkinson’s  formula*  for  the  different  timl*er^ 
experimented  upon  bore  nearly  a  constant  ratio  to 
their  coefficients  of  transverse  strength.  These  tim¬ 
bers  were  very  dissimilar  in  character,  some  being 
leaf  woods  and  others  pine  woods  It  was  therefore 
fair  to  presume  that  the  same  relation  between  column 
strength  and  transverse  strength  would  hold  approx¬ 
imately  true  for  all  kinds  of  timber,  and  the  formula* 
thus  consider.  The  factors  of  safety  have  been  influ¬ 
enced  to  some  extent  by  practical  considerations,  and 
are  about  eight  for  yellow  pine  and  white  oak,  and 
seven  for  the  other  varieties. 

The  allowance  for  wind  pressure  amounts  to  about 
thirty  pounds  per  square  foot  on  the  exjnised  surface 
of  both  trusses,  and  on  a  train  surface  ten  feet  high. 

The  allowed  stress  on  lateral  rods  is  higher  than 
usual,  being  20,000  lbs.  j»er  square  inch  for  iron,  and 
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28,000  lbs.  per  square  inch  for  steel.  The  subject  of 
wind  stress  has  been  discussed  time  and  again,  but  the 
fact  remains,  that  a  wind  exerting  a  pressure  of  thirty 
pounds  per  square  foot  will  collapse  the  great  majority 
of  bridges  standing  in  this  country  to-day,  let  the 
strength  of  the  lateral  rods  be  what  they  may  ;  and  as 
these  bridges  continue  to  stand  year  after  year,  I  am 
forced  to  the  conclusion  that  they  are  not  exposed  to 
anything  like  this  force ;  but  allowing  that  they  are 
exposed  to  a  force  equal  to,  or  greater  than  thirty 
pounds  per  square  foot,  there  will  in  general  be  com¬ 
pression  even  in  the  center  of  the  bottom  chord  before 
the  stress  on  the  lateral  rods  passes  the  elastic  limit, 
and  any  additional  section  would  be  thrown  away. 

The  specification  does  not  consider  initial  stress  ex¬ 
cept  when  in  excess  of  wind  stress,  for  the  reason  that 
these  stresses  are  opposed  to  each  other,  the  initial 
stress  going  out  as  fast  as  the  wind  stress  comes  in ; 
neither  does  it  provide  for  additional  strength  of  the 
lateral  systems  on  account  of  centrifugal  force.  As  it 
is  not  probable  that  a  train  will  be  running  at  a  high 
speed  when  exposed  to  a  maximum  wind,  and  as  the 
wind  specified  is  of  itself  sufficient  to  upset  an  ordinary 
passenger  car,  such  provision  does  not  appear  to  me 
necessary. 

For  plate  girders  one-sixth  of  the  web  is  counted  as 
fiange  area  in  each  flange.  Specifications  of  late  quite 
frequently  omit  this,  and  one  even  goes  so  far  as 
to  omit  one  leg  of  the  angles.  So  long  as  correct 
methods  of  calculation  are  known,  and  can  be  applied 
without  difficulty,  I  can  see  no  occasion  for  resorting 
to  incorrect  and  wasteful  methods. 

The  provision  that  should  be  made  to  guard  against 
flexure  in  the  webs  of  plate  girders  has  not  been  very 
well  determined,  and  the  practice  of  different  engi¬ 
neers  differs  quite  widely  in  this  respect. 

The  formula  given  on  page  22  is  unquestionably 
safe  and  results  usually  in  providing  stiffeners  from2/ 
9r/  to  o'  6"  between  centers  at  the  ends  of  girders, 
this  distance  increasing  gradually  towards  the  center. 

The  formula  for  camber  provides  that  the  chords 
shall  be  straight  and  square  bearing  when  subjected 
to  a  maximum  stress.  It  is  the  general  formula  for 
the  deflection  of  beams  supported  at  the  ends,  and 
uniformly  loaded  modified  to  suit  open  web  girders. 
The  values  of  the  constant  are  obtained  by  applying 
Mohr’s  formula  to  a  variety  of  cases.  Mohr’s  form¬ 
ula  gives  reliable  results,  but  requires  more  time  than 
one  is  likely  to  give  to  it.  The  formula  of  the  speci¬ 
fication  is  readily  worked,  and  gives  essentially  the 
same  results. 

The  provisions  for  workmanship  are  such  as  will 
secure  first-class  work. 

Engineers,  perhaps,  never  will  agree  regarding  the 
quality  of  material  suitable  for  bridge  work,  and  I  do 
not  care  to  dwell  upon  this  question. 


The  specification  requirements  are  believed  to  be  as 
high  as  can  be  observed  with  any  degree  of  certainty, 
and  higher  than  many  manufacturers  will  accept. 
My  own  impression  is,  that  the  use  of  the  highest 
obtainable  grades  of  wrought  iron  is  not  a  matter  of 
grave  importance  so  long  as  uniformity  is  maintained, 
and  I  think  the  requirements  might  quite  likely  be 
lowered  to  advantage  in  some  cases. 

Mr.  Metcalf  said  :  I  would  not  like  to  say  I  did 
not  understand  what  was  said,  but  I  think  the  gentle¬ 
man  has  taken  advantage  of  us,  and  I  don’t  think 
many  of  them  knew  what  he  said  unless  they  have 
better  ears  than  I  have. 

I  will  say  one  thing  in  regard  to  the  general  speci¬ 
fications  :  I  notice  in  reading  it  over  some  days  ago 
that  the  specifications  require  all  bends  of  steel  should 
be  made  cold.  It  is  but  a  short  time  since  I  read  a 
paper  before  another  Society,  in  which  I  stated  that 
my  opinion  was  that  no  cold  bends  should  be  allowed 
in  steel. 

The  gentleman  also  speaks  of  steel  rivets.  Being 
a  steel  man  I  wish  to  express  my  utter  want  of  faith 
in  steel  rivets.  I  do  not  think  they  are  reliable  or 
ever  will  be.  I  have  been  engaged  in  the  last  three 
or  four  weeks  in  taking  out  something  over  one  hun¬ 
dred  steel  rivets  from  our  boilers.  We  have  been 
watching  the  matter  closely,  but  the  inspector  went 
into  the  boiler  last  week,  and  informed  me  there  were 
forty-five  rivet  heads  in  that  boiler  that  were  broken 
off,  and  we  proceeded  to  have  them  replaced  with  good 
iron  rivets. 

I  can  give  a  reason  for  that,  I  think.  The  trouble 
is  not  with  the  material,  but  it  is  in  the  handling. 
You  cannot  expect  a  rivet  boy  to  heat  every  rivet  he 
gets  hold  of,  without  the  knowledge  of  the  physics  of 
the  material  that  he  ought  to  have,  with  the  care  it 
requires,  and  he  will  heat  it  just  as  he  would  an  iron 
rivet,  and  that  heat  will  make  any  steel  very  coarse 
grained,  crystalline  and  weak.  When  the  rivet  is 
driven  of  course  the  head  being  struck  is  refined  by 
the  hammering,  but  the  body  of  the  rivet  gets  none  of 
that  work,  and  the  result  is,  the  heads  of  the  rivets 
drop  off. 

I  have  just  made  a  contract  to-day  for  a  pair  of  new 
boilers,  and  I  have  particularly  specified  the  very  best 
steel  for  the  shell,  and  the  very  best  iron  we  could  get 
for  the  rivets.  Certainly,  unless  I  saw  some  good  rea¬ 
son  to  change,  I  would  never  allow  a  steel  rivet  to  go 
into  anv  structure  in  which  I  had  anv  interest. 

Mr.  Davison  :  1  am  one  of  the  fortunate  ones  who 

heard  Mr.  Thacher  very  well.  I  would  like  to  ask  a 
question,  not  to  discuss  at  all,  and  that  is,  if  the  table 
of  equivalent  uniform  loads  given  for  calculating  the 
stresses  in  bridges  is  derived  from  the  wheel  loads 
of  the  two  coupled  engines  and  the  following  loads 
specified. 
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Mr.  Thacher:  Yes,  sir.  The  engine  was  placet! 
in  every  case. 

Mr.  Lindekthal:  Mr.  Metcalf s  remarks  on  rivet 
steel  reminds  me  of  an  experience  with  it  we  had. 
We  used  steel  rivets  in  some  boiler  work,  and  some  of 
them  had  to  be  taken  out — had  to  be  cut  out— and 
proved  to  be  much  tougher,  and  much  harder  to  get 
out  than  iron  rivets  that  the  men  had  handled  before 
or  I  had  seen  before.  But  there  were  some  other 
places  where  the  rivets  came  off  very  easily,  merely 
from  striking  them.  The  difference  seemed  to  be  this, 
that  the  heads  made  by  hammer  during  the  rivet¬ 
ing  operation  were  good,  while  the  heads  that  were 
made  manufactured  or  by  the  manufacturer  of  rivets 
came  oft’  with  a  single  blow.  So  it  seems  to  be  due  to 
the  manufacture  of  the  rivet  heads;  with  the  process 
by  which  steel  rivets  are  made  now,  they  do  not  make 
a  good  rivet. 

Mr.  Metcalf:  Mr.  Lindenthal’s  statement  agrees 
precisely  with  what  I  stated.  The  rivet  heads  that 
came  off’  in  those  boilers  were  made  when  the  rivet 
was  formed  in  the  machine.  I  do  not  remember  any 
case  where  the  outside  head  came  oft’  that  was  formed 
by  hammering,  so  his  statement  agrees  precisely  with 
what  I  said,  that  where  the  rivet  received  a  hammer¬ 
ing  by  the  riveters  the  steel  was  good,  and  the  head 
was  good,  but  when  the  rivet  boy  had  heated  the  whole 
rivet,  at  a  very  high  heat,  such  as  used  in  iron,  above 
a  lemon  heat,  that  will  make  any  steel  very  coarsely 
crystalline.  That  is  hard  to  question,  it  is  so  well 
known  to  us  from  our  every-day  life,  as  we  all  come 
in  contact  with  it. 

I  have  had  my  men  come  to  me  making  complaints 
about  steel,  and  they  tell  me  it  was  made  by  so-and-so. 
1  would  say,  “All  right,  I  will  go  and  see  him;”  and 
we  do  go  down  and  see  him,  and  that  is  all  there  is  of  it. 
This  trouble  is  recorded  in  the  steel  always.  There 
never  can  be  any  question  about  that  at  all ;  and  I  say 
that  when  a  rivet  is  heated  to  that  degree  this  head 
which  has  been  formed  in  the  machine,  and  well 
formed,  and  the  work  of  the  machine  would  make  the 
head,  is  made  good  by  the  hammering,  but  the  shank 
of  the  rivet  has  been  put  into  that  very  coarse  crys¬ 
talline  condition,  and  all  the  hammering  of  this  rivet 
does  not  put  the  necessary  work  on  that  to  restore  it 
to  the  proper  condition  to  stand  the  strain,  and  it  is 
left  verv  weak. 

• f 

Mr.  Lindenthal’s  experience  accords  exactly  with 
mine,  and  I  think  the  explanation  I  gave  of  it  was 
true.  Iron  being  fibrous,  and  being  a  laminated  ma¬ 
terial,  is  not  injured  by  a  high  heat  in  that  way,  and 
the  fibres  running  down  from  the  shank  of  the  rivet 
hold  it  there,  and  I  believe  it  is  a  better  and  safer 
rivet,  and  always  will  be,  than  steel. 

If  we  could  be  sure  that  no  rivet  would  be  heated 
any  different  than  an  orange  color,  the  steel  rivet  is 


stronger  than  an  iron  rivet,  as  the  -teel  in  itM-lf  is 
stronger  than  ordinary  iron,  but  unless  you  can  be  sure 
of  that,  every  rivet  that  is  overheated  will  certainly 
be  weak,  and  the  finished  head  is  very  liable  to  drop 
oft’. 

I  do  not  think  I  exaggerate  when  I  say  we  have 
taken  out  of  our  boilers  in  the  last  three  weeks  150 
rivets.  A  good  many  I  will  say  were  eaten  by  acid, 
we  having  gotten  a  dose  in  our  lioilers,  and  some  of 
the  rivet  heads  may  have  been  eaten  off’,  but  still  for  rea¬ 
sons  I  have  given  many  have  drop|>ed  oft'indej>endent 
of  this  cause.  The  trouble  was  with  the  machine 
made  head,  and  it  was  just  because  the  rivet  had  been 
heated  in  the  shank  when  put  in. 

Mr.  White:  Do  I  understand  you,  that  the  work 
of  the  machine  heading  the  rivet  leaves  the  steel  in  a 
different  condition  ? 

Mr.  Metcalf:  I  think  it  would,  sir.  I  have 
tested  a  good  many  rivets  made  in  this  way,  and  found 
them  unsatisfactory. 

Mr.  Koch  :  I  am  a  stranger  here,  but  may  intro¬ 
duce  myself  as  the  manager  at  S pang’s,  and  will  sav 
something  in  connection  with  boilers,  if  I  have  your 
permission. 

I  have  been  engaged  in  making  steel  for  nearly 
twenty  years.  I  worked  in  the  first  open  hearth  fur¬ 
nace  that  was  ever  built.  We  have  boilers  running 
in  England  now,  in  which  the  steel  is  over  eighteen 
vears  old,  in  which  the  rivets  are  entirelv  of  steel, 
with  steel  plates,  and  those  boilers  have  never  hail 
anything  in  the  way  of  repairs. 

Then  I  remark  this.  The  specification  for  our  boiler 
steel  in  the  old  country  were  like  this:  phosphorus 
is  not  to  exceed  ..05.  We  found  that  it  would  not 
do  to  exceed  this,  and  that  when  we  did  we  could  not 
sell  any  steel,  and  the  trouble  here  is,  the  trouble 
right  along  with  the  steel  that  is  being  made  here  to¬ 
day  is,  that  you  allow  your  phosphorus  to  run  to  .07 
and  .08.  The  moment  you  get  over  .05  you  are  run¬ 
ning  into  dangerous  steel.  That  is  to  say  speaking  of 
boilers. 

I  made  rivets  sixteen  years  ago,  and  since  I  began 
making  the  rivets  and  boiler  plates  largely  by  the  oj>en 
hearth  process,  our  specifications  have  been  about  as 
follows:  that  the  carbon  in  no  case  was  to  exceed  .15, 
that  the  phosphorus  was  not  to  exceed  .05,  sulphur  .05, 
and  manganese  not  to  exceed  at  the  outside  one-half 
of  one  per  cent.  And  we  were  bound  down  to  this 
chemical  analysis,  and  were  bound  down  very  strictly, 
and  we  had  no  trouble  then  where  these  specifications 
were  followed  strictly. 

If  we  allowed  the  phosphorus  to  exceed  .05  then 
we  had  trouble,  and  if  you  run  up  to  .08  you  are  get¬ 
ting  a  very  dangerous  condition  of  things. 

Then  there  is  another  point.  There  are  two  kinds 
of  steel,  one  kind  made  up  of  pig  iron,  and  then  the 
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mixture  made  with  scrap.  This  is  what  we  call  the 
scrap  process,  and  is  entirely  barred  for  the  manufac¬ 
ture  of  the  best  boiler  plate. 

If  you  will  look  into  the  matter  of  the  process  em¬ 
ployed  by  the  leading  manufacturers  in  the  old  country 
you  will  find  the  Siemens  process  is  put  down  by  them 
as  the  one  for  use.  I  found  them  making  steel  at 
Spang’s  by  the  scrap  process,  using  60  to  80  per  cent, 
of  scrap.  I  put  a  stop  to  that  at  once,  and  I  started 
on  the  regular  process.  I  simply  took  about  half  scrap 
and  half  pig,  and  now  we  are  making  a  very  fine  ma¬ 
terial,  and  taking  less  scrap  and  more  pig,  using  the 
best  Spanish  and  Mokta  ore. 

While  I  believe  that  the  steel  made  by  the  Siemens 
ai  r  process  is  better  than  with  the  scrap  process,  yet  you 
can  produce  a  very  fine  material  with  the  latter  so 
long  as  you  keep  the  phosphorus  below  .05. 

Mr.  Dempster:  Will  Mr.  Thacher  let  us  hear  from 
him  on  the  steel  rivet  question  ? 

Mr.  Thacher:  Well,  so  far  as  steel  rivets  are 
concerned,  we  have  used  them  extensively  in  bridge 
work,  and  of  the  many  thousands  driven  and  carefully 
inspected  not  a  solitary  head  has  dropped  off,  and  to 
knock  them  off  with  a  sledge  is  a  very  laborious  un¬ 
dertaking.  So  far  as  our  experience  goes,  steel  rivets 
are  satisfactory,  and  should  be  used  in  steel  bridge 
work  ;  I  cannot  speak  as  to  boilers.  The  cold  bending 
of  steel  mentioned  in  the  specification  applies  to  noth¬ 
ing  more  important  than  thin  cover  plates,  for  such, 
cold  bending  being  considered  preferable  to  working 
hot  without  annealing. 

Mr.  Metcalf  :  I  hope  we  will  have  such  a  stranger 
drop  in  on  us  every  evening.  We  enjoyed  his  remarks 
very  much,  and  I  agree  with  every  word  he  said.  I 
repeat  what  I  said  in  the  beginning,  that  the  steel 
rivet,  properly  heated,  is  just  as  much  stronger  than 
the  iron  rivet  as  the  steel  is  stronger  than  iron.  I 
still  believe  that  the  rivets  were  faulty  because  they 
were  overheated,  and  I  think  the  gentleman  will  agree 
with  me  that  any  steel  that  is  overheated  until  the 
grain  is  raised,  and  he  knows  what  that  means,  and 
is  not  subsequently  worked,  is  left  coarse  grained  and 
weak,  and  the  shank  of  the  rivet  is  heated  into  that 
condition,  as  I  believe  it  is,  then  very  likely  the  rivet 
will  have  the  head  knocked  off. 

It  gives  me  pleasure  to  say  that  the  boiler  steel  we 
ordered  is  to  have  the  specification  he  mentioned, 
phosphorus  .05.  sulphur  .03,  carbon  .15,  and  manganese 
.03,  and  I  expect  to  have  grand,  good  boilers. 

Mr.  T.  P.  Roberts  asked  attention  to  the  follow¬ 
ing  : 

Whereas,  It  is  a  recognized  fact  that  between  the 
rights  of  navigators  on  the  three  navigable  rivers  em¬ 
braced  within  the  limits  of  the  city  of  Pittsburgh,  the 
owners  of  property  abutting  on  said  rivers,  and  the 
general  public,  there  is  an  interminable  confusion, 


often  leading  to  litigation  in  our  State  and  National 
courts ;  and,  further, 

Whereas,  One  prominent  source  of  these  endless 
disputes  is  the  want  of  clear  and  well  defined  river 
boundaries,  or  high  and  low  water  lines  ;  and, 

Whereas,  The  ‘‘Commissioners’  Established  High 
and  Low  Water  Lines,”  adopted  after  the  surveys 
made  in  1858,  are,  after  the  lapse  of  twenty-nine  years, 
difficult  to  find  and  relocate;  and, 

Whereas,  Such  Commissioners’  High  and  Low 
Lines  have  never  been  legally  and  firmly  adopted  be¬ 
yond  peradventure  a  doubt,  as  to  the  exact  metes  and 
bounds  separating  private  property  from  the  highways 
of  National  commerce,  on  our  navigable  rivers,  in 
such  a  way  as  to  make  clear  what  is  the  right  of  the 
public  to  open  streets  or  establish  highways  upon  such 
reserved  strips,  or  to  make  levees,  wharfs  or  landings, 
or  to  confine  the  river  from  encroaching  on  its  banks 
by  means  of  slope  walls  or  other  shore  protections, 
within  the  limits  of  said  reservation. 

Whereas,  This  Society  is  fully  cognizant  of  the 
gravity  of  the  subject  looking  to  the  rectification  of 
the  difficulties  here  alluded  to,  and  of  reconciling  the 
interests,  National,  State  and  riparian,  which  should 
be  harmonized  by  a  just  determination  of  their  re¬ 
spective  rights  and  privileges;  nevertheless,  it  must 
occur  to  the  thoughtful  that  with  the  growth  of  popu¬ 
lation  and  the  enhancement  in  valuation  of  properties 
along  our  rivers,  these  questions  if  left  to  be  deter¬ 
mined  by  individual  action  will  generally  omit  the 
broad  interest  of  the  public  from  view,  and  interfere 
to  prevent  wise  and  comprehensive  improvements ; 
and, 

Whereas,  In  this  county  there  was  in  1858,  by  the 
establishment  of  high  and  low  water  lines,  by  author¬ 
ized  commissioners,  a  beginning  made  in  the  right 
direction,  a  system  proposed,  which  if  understood  and 
properly  enforced,  might  be  so  extended  or  improved 
upon  so  as  to  become  a  sound  basis  for  the  regulation 
of  the  rivers  and  their  shores  in  the  neighborhood  of 
Pittsburgh,  it  is  the  sense  of  the  Society  of  Engineers 
of  Western  Pennsylvania,  that  this  is  a  proper  time 
to  open  up  a  discussion  of  this  important  subject ; 
therefore  be  it 

Resolved ,  That  a  committee  of  seven  members  be 
appointed  by  the  President  of  this  Society,  to  take 
this  matter  into  consideration,  and  that  the  said  com¬ 
mittee  be  authorized  to  meet,  and  confer  with  Col. 
Wm.  E.  Merrill,  Corps  of  Engineers  U.  S.  A.,  in 
charge  of  the  Ohio  River  Improvement,  on  the  part 
of  the  United  States  Government,  and  with  our 
county  and  city  authorities,  the  Chamber  of  Commerce, 
the  Coal  Exchange,  and  with  riparian  owners  or  others 
interested,  with  a  view  to  the  re-establishment  of  the 
Commissioners’  High  and  Low  Water  Lines,  and  their 
extension  to  McKeesport,  on  the  Monongahela  river, 
to  Sewickley  on  the  Ohio,  and  to  Freeport  on  the 
Allegheny  river,  and  to  report  on  the  advisability  of 
any  modifications  or  improvements  of  said  Commis¬ 
sioners’  lines,  which  the  changed  conditions  of  the 
rivers  or  extensions  of  the  streets,  etc.  may  seem  to 
demand,  or  such  modifications  which  would  not  seri¬ 
ously  involve,  or  delay,  or  prevent  the  Legislative 
endorsement  of  a  scheme  so  important  to  every  inter¬ 
est  concerned. 

In  support  of  his  resolution  for  the  appointment  of 
a  committee  of  seven  members  to  confer  with  the 
Chamber  of  Commerce,  and  others,  touching  high  and 
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low  water  lines  in  the  rivers,  Mr.  Roberts  said:  1 
have  been  “billed,”  in  the  Secretary’s  notice  of  this  • 
meeting,  to  appear  here  with  a  paper  this  evening, 
but  I  am  not  so  prepared.  In  regard  to  the  motion,  M r. 
President,  I  did  not  expect  to  make  any  speech  on  it, 
as  I  supposed  the  preamble  would  l>e  explanatory 
enough.  The  first  right  to  rivers  and  navigable  creeks 
must  certainly  have  been  the  rights  of  navigators — 
the  right  to  take  canoes  and  flat  boats  along  them. 
Following  the  navigators  came  the  farmers,  making 
their  settlements  along  the  stream,  and  entering  their 
claims  along  the  rivers. 

The  claims  generally  began  at  the  low  water  mark, 
then  back  to  a  fixed  point,  then  along  this  line  and  so 
back  to  the  river,  and  thence  along  the  low  water  line 
to  the  starting  point,  the  water  front  being  the  most 
important  of  their  boundaries;  the  main  object  of 
their  claim  was. to  secure  the  right  and  privilege  of 
reaching  water  for  their  cattle,  and  also  to  have  con¬ 
venient  access  for  loading  their  produce 

Nothing  else,  I  think,  was  involved  in  that  right 
but  the  right  to  load,  and  the  right  to  have  their  cattle 
come  to  water.  But  it  seems  to  me  that  now  the  most 
sacred  part  of  any  farm  around  Pittsburgh  is  the  water 
front,  and  the  old  riparian  right  remains  as  an  incubus 
in  the  march  of  improvement.  It  is  so  much  so  in  the 
city  of  Pittsburgh,  that  the  old  farmers’  rights  still 
seem  to  act  as  a  charm,  and  prevent  great  public  im¬ 
provements,  or  at  least  interfering  with  them  very 
seriously,  as  shown  in  the  case  of  the  Exposition  So¬ 
ciety;  and  still  we  hear  of  owners  to  a  twenty  foot 
front  city  lot  claiming  the  privilege  of  access  to  the 
river  for  their  cattle. 

We  are  also  aware  of  the  fact  that  our  city,  very 
unwisely,  failed  to  secure,  by  proper  condemnation, 
the  rights  along  our  rivers.  For  instance,  on  the 
Allegheny  above  Eleventh  street  we  have  no  street 
along  it,  although  there  is  a  limit  of  high  and  low 
water  lines,  a  vague  space  which  the  public  has  a  lien 
upon,  but  claimed  by  adjacent  owners.  Also,  there  is 
no  provision  along  the  Monongahela  for  such  a  high 
way,  and  only  in  the  old  city  proper  have  we  any 
wharf  of  public  highway  on  the  river  front. 

I  Now  it  seems  to  me  that  the  Commissioners’  High 


and  I>»w  Water  Lines  should  be  re-e*tahli*hed,  and  tl\e 
privileges  of  the  public  with  res|>eet  to  them  made 
clearly  known.  • 

I  have  no  wish  to  interfere  with  riparian  owners  in 
their  rights,  but  I  do  not  think  they  should  be  left  to 
act  as  they  have  l>een  doing  in  the  past,  and  prevent 
great  public  improvements. 

In  the  city  of  Philadelphia,  as  William  Penn  neg¬ 
lected  to  provide  roadways  along  the  rivets  the  citv 
has  been  com[>elled  to  spend,  in  re<*ent  years,  millions 
of  dollars  in  obtaining  wharfage  facilities,  and  in 
London  they  have  spent  millions  of  dollars  there  for 
“embankments”  which  are  nothing  but  river  streets 
that  should  have  been  provided  for  in  the  first  place. 

In  this  whole  question  there  is  very  much  involved. 
I  see  in  the  reports  of  the  Fnited  States  Engineers 
who  have  charge  of  river  improvements  in  various 
parts  of  the  country,  reference  to  the  trouble  they  are 
put  to,  that  not  even  the  Government  can  help,  except¬ 
ing  by  tedious  process.  These  rights  are  so  uncertain, 
it  seems  to  me  that  it  is  about  time  that  some  attempt 
be  made  to  clear  them  up,  and  to  protect  the  three 
interests  which  are  at  stake,  from  conflicting  with  each 
other,  viz.:  the  navigators,  the  riparian  owners,  and 
the  general  public. 

Cities  should  have  a  well  defined  right  to  prevent  the 
deposition  of  sewage  in  small  streams  or  any  streams 
where  the  amount  of  it  would  seriously  contaminate 
the  water.  A  town  above  on  a  stream  will  contamin¬ 
ate  the  water  for  the  town  l»elow,  and  there  is  a  con¬ 
flicting  of  interest,  and  so  it  goes  all  over  the  country. 
There  seems  to  be  less  known,  and  less  established 
law  about  the  lines  along  the  rivers  of  our  country 
than  in  any  other  department  of  legislation. 

The  preamble  and  resolution  were  then  adopted, 
and  the  following  gentlemen  appointed  the  committee 
on  Water  Lines  around  Pittsburgh  : 

T.  P.  Roberts,  Chairman;  Wm.  Martin,  Wm.  Met¬ 
calf,  Chas.  Davis,  E.  W.  Bigelow,  (  has.  Elders,  B.  L. 
Wood,  Jr. 

On  motion  adjourned. 

S.  M.  Wick krsiiam, 

Secretary. 
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Pittsburgh,  April  19th,  is*7. 

At  the  regular  monthly  meeting,  held  this  evening,  in  the  Itooms  of  the  Chamber  of  Commerce,  twenty-live  member* 
were  present,  \  ice  President  J.  A.  Brashear  in  the  chair.  The  following  gentlemen  were  elected  members  of  the  "H*ciety . 
by  unanimous  ballot,  viz.:  Messrs.  Percy  C.  Rider,  Henry  I).  Ilibbard,  Walter  C.  Koch,  Sam  C.  Weiskopf,  J.  s.  Fielding. 
Emil  Swanson,  II.  Breese,  J  G.  Wainwright,  J.  A.  Colby,  J.  I*.  Seymour,  Geo.  \V.  Klages,  Ja«.  M’Dow  *li. 


After  the  routine  business  the  discussion  of  Mr. 
Thacher’s  paper  on  the  Standard  Specifications  of  t lie 
Keystone  Bridge  Company  was  resumed. 

Mr.  Scaife:  I  understand  there  is  a  gentleman  here 
who  will  answer  questions  in  regard  to  Mr.  Thacher’s 
paper.  I  would  like  to  ask  one  question,  What  arrange¬ 
ment  was  made  in  these  tests  for  deflection?  I  did  not 
notice  anything  in  the  paper  in  regard  to  it. 

Mr.  Osborn:  Being  Mr.  Thacher’s  assistant,  I  will 
do  the  best  I  can.  The  deflection  is  provided  for  in 
the  formula  for  camber,  which  is  original  with  Mr. 
Thacher,  and  based  partly  on  the  theory  of  deflection 
and  partly  on  experimental  tests,  and  it  is  the  only 
formula  in  any  specification  which  takes  in  all  the 
quantities  that  it  should  take  in  to  depend  upon.  The 
amount  of  camber  given  to  a  bridge  is  in  general  just 
a  little  more  than  the  deflection  will  amount  to  when 
the  structure  is  fully  loaded. 

Mr.  Hunt:  I  would  like  to  make  a  criticism 
of  Mr.  Thacher’s  specifications,  upon  the  quality 
of  material,  and  especially  with  reference  to  steel. 
Mr.  Thacher’s  specifications  call  for  the  compres¬ 
sion  members,  bolsters,  rollers,  etc.,  to  have  76,000 
to  84,000  lbs.  tensile  strength  per  square  inch,  and  for 
tension  members,  pins  and  built  beams,  68,000  to 
76,000  lbs.  per  square  inch.  This,  in  built  beams, 
would  include  the  web  of  the  beam,  which  means 
plates,  and  it  seems  to  me  that  this  is  a  considerably 
higher  specification  in  tensile  strength  than  is  usually 
demanded  now  by  most  engineers  for  this  class  of 
work. 

Of  course  we  all  know  the  higher  the  tensile  strength 
of  steel  the  less  ductility  can  reasonable  be  asked  of  it. 
and  for  tension  members  from  68,000  to  76,000  lbs.  per 
square  inch  in  tensile  strength  he  can  only  demand 
what  he  has  asked  for  in  *he  specification,  20  per  cent, 
elongation  in  and  43  per  cent,  reduction  of  area; 
whereas,  if  the  material  was  from  60,000  to  68,000  lbs. 
he  could  reasonably  ask  what  is  called  for  in  the  table 
below  — 22  per  cent,  of  elongation  with  44  per  cent, 
reduction. 

It  is  my  judgment  that  the  extra  ductility  in  such 


material  far  supersedes  in  value,  for  structural  material, 
a  few  thousand  pounds  extra  of  tensile  strength,  and  my 
opinion  is  based  upon  the  actual  punishment  that  steel 
used  in  structural  material  gets  in  actual  use,  rather 
than  upon  theoretical  claims,  for  I  will  admit  that 
the  engineer  in  working  out  the  details  of  his  struct¬ 
ures  from  the  strain  sheet  can  more  advantageouslv 
use  the  higher  tensile  strength  material,  but  it  >eems 
to  me  that  this  is  one  of  the  cases  where  theory  and 
practice  are  a  little  against  each  other.  This  i-  go 
apparently,  when  it  is  a  fact  that  a  bar  of  steel  as 
large  in  section  as  8x2  can  be  struck  at  a  cold  tem¬ 
perature  a  blow  with  a  hundred  pound  drop  ball  from 
a  height  of  ten  feet,  and  it  will  break;  snap  it  right 
through  like  a  pipe  stem,  as  will  be  proven  by  the 
paper  of  Mr.  Kamsey  at  our  next  meeting;  while  it 
is  true  that  under  ordinary  condition.",  ordinary  tem¬ 
peratures,  a  blow  or  impact  will  break  a  high  steel 
very  much  quicker  and  very  much  easier  than  it  will  a 
steel  of  lower  tensile  strength.  What  I  mean  bv  a 
high  steel,  is  material  over  70,000  lbs.  tensile  strength, 
and  such  material  is  very  much  more  brittle,  particu¬ 
larly  under  impact,  and  in  view  of  this  it  seem-  to  me 
that  we  can  wisely  use  the  lower  strength  material. 

There  is  still  a  great  difference  of  opinion  among 
engineers  on  this  point.  Some  engineers  are  requir¬ 
ing  as  high  as  80,000  lbs.  tensile  strength  for  the  same 
material  that  Mr.  Thacher  asks  from  68,000  to  76,000, 
whereas  many  others  are  becoming  of  the  opinion 
which  1  have  just  voiced  that  steel  of  60,000  to 
68,000  lbs.  tensile  strength,  gives  the  best  qualities 
for  structural  use.  In  this  I  do  not  wish  to  Ik?  under¬ 
stood  as  meaning  that  the  material  shall  be  actually 
between  the  figuresof  just  60,000  to 68,000  ll».  1  know 
there  is  a  great  deal  of  “  refinement,”  which  means  the 
refinement  of  nonsense.  It  is  a  fact  that  taking  a 
piece  of  steel  of  the  most  homogeneous  and  uniform 
character  that  can  be  found,  ami  preparing  test  strip- 
as  finely  as  can  be  done,  and  test  them  as  uniformly 
as  possible;  it  is  a  fact  that  you  can  rarely  get 
the  several  strips  to  test  within  a  thousand  pounds  of 
each  other  in  tensile  strength  |>er  square  inch. 
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But  rarely  can  you  get  the  percentage  of  elongation 
to  come  within  one  per  cent,  so  that  a  demand  in 
the  specification  which  would  accept  material  which 
should  be  down  to  the  hundreds  of  pounds  and  reject,  if 
there  was  a  difference  of  a  few  hundred  pounds  one  way 
or  the  other  from  the  specification,  is,  as  I  have  said,  in 
my  judgment,  nonsense.  It  is  such  “refinement”  as  the 
chemists  have  when  they  figure  their  percentages  of  the 
elements  they  find,  down  to  the  one  ten-thousandths  of 
a  percent.  I  remember  once  a  criticism  of  a  chemical 
result,  where  the  chemist  figured  down  to  the  one-fifth 
decimal  place,  that  another  chemist  analyzed  the  same 
substance  and  stated  he  could  not  tell  if  the  first  man 
was  correct  on  the  fourth  or  fifth  place,  but  was  sure 
he  was  wrong  on  the  second. 

Mr.  Buchanan  :  Mr.  Thacher  said  in  his  reading 
the  other  night  that  he  ignored  the  effect  of  centri¬ 
fugal  force.  I  do  not  know  whether  I  am  competent 
to  discuss  the  matter  with  him,  but  in  looking  over 
some  data,  I  find  that  when  the  curve  is  as  sharp 
as  ten  degrees,  which  occurs  in  the  alignment  of  a 
great  many  railroads,  the  horizontal  stress  produced 
by  centrifugal  force  is  equal  to  thirty  per  cent,  of  the 
live  load.  As  in  the  case  of  a  ninety-two  ton  engine 
this  would  amount  to  more  than  double  the  stress 
provided  for  under  the  requirements  of  these  speci¬ 
fications,  in  spans  of  average  length,  it  strikes  me  it 
would  be  well  to  consider  the  point.  Also,  in  pro¬ 
portioning  the  truss  or  girder  it  would  seem  to  be 
important  in  some  cases  that  this  force  should  be 
considered,  for  in  the  case  of  a  deck  girder  bridge 
with  girders  six  and  one-half  feet  apart,  the  outer 
girder  would  have  to  carry  sixtv-six  per  cent,  of 
the  entire  load  when  the  train  was  running  at  a 
speed  of  fifty  miles  per  hour. 

Mr.  Osborn:  I  think  Mr.  Thacker’ s  idea  was  to 
exclude  the  centrifugal  force  altogether,  excepting  in 
cases  where  the  centrifugal  stress  amounts  to  more  than 
the  wind  stress,  when  he  makes  use  of  it ;  the  idea 
being, that  you  will  not  likely  be  running  a  train  at  full 
speed  over  a  bridge  when  the  wind  is  strong  enough 
to  overturn  the  train. 

Mr.  Buchanan:  Mr.  Hunt,  in  speaking  of  the  8x2 
bar  breaking,  said  it  did  so  under  a  one  hundred  pound 
weight  falling  ten  feet.  I  would  like  to  ask  him  if 
the  surface  of  that  bar  was  as  it  came  from  the  rolls, 
or  if  it  had  been  tampered  with  ? 

Mr.  Hunt:  In  the  case  I  refer  to  the  bar  had  been 
nicked,  or  rather  had  the  tool  mark  of  the  planer 
nearly  y/  deep.  It  was  not  the  nick  of  a  chisel,  but 
the  tool  mark  of  the  planer  on  the  8//  face  of  the  bar. 
That  is  one  of  the  peculiarities  of  steel.  If  you  once 
start  a  nick  in  it,  it  is  gone ;  this  nick  once  made  and 
the  drop  or  impact  applied,  it  will  crack  like  a  pane 
of  glass,  and  in  that  iron  is  superior  to  steel.  Iron 


will  stand  impact  much  better  than  steel ;  the  crack 
seems  to  be  stopped  by  the  non -homogeneity  of  the 
material. 

Mr.  Barnes:  I  should  like  to  turn  that  part  of  the 
discussion  to  practical  account.  We  have  in  our  steel 
works  yard  a  number  of  cobbles.  They  vary  from  8x9 
down  to  l|xl3,  some  ten  feet  long,  some  30  feet.  Now 
I  should  like  to  inquire  down  to  what  point  of  tempera¬ 
ture  they  should  be  cooled  in  order  to  break  easily.  I 
will  say  further,  that  for  certain  reasons,  we  have 
thought  it  worth  while  for  the  time  being  to  let  them 
accumulate.  We  have  perhaps  15  or  20  of  them  on 
which  we  have  utilized  some  spare  labor,  nicking 
them  deeply  with  a  cold  chisel  to  a  depth  of  §//. 
We  have  spent  a  good  deal  of  time  sledging  them, 
but  they  are  stubborn  things  to  break.  Now,  to  what 
temperature  should  they  be  cooled  in  order  to  break 
them  with  the  same  success  as  the  8x2  bar  which  was 
broken  by  a  hundred  pound  weight  falling  through 
ten  feet? 

Mr.  Hunt:  I  do  not  know  just  what  to  recommend, 
but  would  suggest  down  to  a  tempeiature  of  3800  de¬ 
grees  Fahrenheit,  or  one  that  would  easily  melt  the 
steel  up. 

Mr.  Barnes:  That  is  dodging  the  question.  In 
order  to  melt  them  we  have  to  cut  them  up,  some 
of  them.  If  we  had  them  cut  we  could  melt  them 
without  difficulty.  We  have  had  a  stubborn  task  to 
cut  them,  and  if  I  can  get  any  light  I  shall  be  very 
glad, indeed. 

Mr.  Koch  :  I  would  like  to  say  something  about 
this  steel  business,  and  first  of  all  to  that  question  of 
plates  for  bridges.  I  remember  many  years  ago  when 
they  first  made  steel — that  is,  away  back  in  the  60s — 
when  a  specification  called  for  40  tons  ultimate,  with 
twelve  per  cent,  elongation — that  is  about  90,000  lbs.  I 
think.  We  started  in  to  make  it,  and  after  a  great 
deal  of  trouble  we  succeeded  in  doing  it,  but  I  called 
the  engineers’  attention  to  the  fact  that  they  simply 
had  rotten  material.  Said  I,  you  have  just  what  the 
specification  calls  for,  but  you  have  rotten  material. 
You  think  in  order  to  make  this  hard  steel  we  will 
take  and  put  in  carbon,  but  carbon  is  too  expensive, 
and  means  spiegel.  I  said,  it  is  far  cheaper  to  put 
in  phosphorus  Of  course  your  bridge  will  btand,  but 
after  a  time  it  will  crystallize,  and  then  it  will  go  down ; 
and  lie  found  I  was  right.  He  then  brought  down  his 
specification  to  70,000  lbs. 

Personally,  as  far  as  I  am  concerned,  if  a  bridge 
maker  comes  to  me  with  a  specification,  and  calls  for 
anything  over  70,000  lbs.,  I  say  to  him  that  he  can  go 
elsewhere,  for  I  decline  to  make  it.  When  you  make 
anything  over  70,000  lbs  you  are  getting  up  to  the 
danger  limit.  My  opinion  is,  that  the  best  steel 
that  is  made,  is  between  the  limits  Captain  Hunt 


mentions,  between  (>0,000  and  70,000  lbs.  tensile 
strength.  Yon  then  get  a  good  material,  having 
from  twenty  per  cent,  elongation  in  8"  up  to  thirty 
per  cent,  in  10".  I  think  myself  that  as  vet  we  are 
very  far  from  what  I  consider  a  j>erfect  steel  ma¬ 
terial  for  bridges.  I  want  some  day  or  other  to 
make  a  steel  that  will  give  us  a  high  elastic  limit, 
that  is  when  the  impact  comes  against  it,  it  will  have 
sufficient  force  to  resist. 

A  perfect  steel  is  that  which  will  give  a  high  elastic 
limit,  that  will  show  about  60,000  to  70,000  lbs.  ulti¬ 
mate,  with  an  elongation  of  25  per  cent.  I  think  the 
trouble  with  steel  is  not  in  raising  the  elastic  limit, 
for  I  believe  that  is  too  low.  How  far  other  gentlemen 
will  agree  with  me  I  do  not  know,  but  my  impression 
is,  that  the  true  strength  of  steel  lies  in  the  elastic 
limit.  If  you  get  this,  and  also  a  steel  that  will  stand 
60,000  to  70,000  lbs.  tensile,  I  think  you  will  get  the 
very  finest  kind  of  steel  for  purposes  of  bridges,  boilers 
or  anything  else. 

The  great  trouble  is,  to  keep  down  the  impure  ele¬ 
ments  in  the  steel,  that  is  to  say,  the  phosphorus 
and  sulphur,  and  to  get  the  manganese  up.  For  in¬ 
stance,  all  the  steel  for  the  Indus  Bridge  contained 
from  .70  to  .80  manganese.  That  is  higher  than  is 
used  in  this  country,  where  it  varies  from  .4  to  .6, 
but  it  filled  that  specification.  If  the  phosphorus  and 
sulphur  are  put  under  .05,  and  we  get  about  as  much 
manganese  as  we  like,  the  steel  is  sure  to  be  of 
a  good  quality.  In  the  case  cited  the  steel  cost  money, 
but  they  were  willing  to  pay  for  it,  and  they  got  very 
fine  material. 

About  breaking  cobbles,  that  is  a  thing  I  should  like 
to  know  about  myself,  for  it  is  something  we  can¬ 
not  help.  About  nicking  steel,  my  experience  is 
very  curious.  Sometimes  I  have  taken  steel  bars  of 
all  thicknesses,  all  kinds  of  steel  bars  and  steel  railway 
axles,  with  steel  bars  of  all  shapes  and  sizes,  cobbles 
and  everything  else.  Sometimes  if  you  nick  them,  and 
nick  them  slightly,  and  drop  a  weight,  the  bar  will 
break  without  trouble,  and  then  again  it  will  not  break 
at  all.  I  have  known  steel  to  break  at  the  first  blow 
if  only  slightly  nicked,  but  if  you  take  a  piece  of  the 
same  steel  and  nick  it  deeper  it  will  hold  together. 
You  cannot  always  tell  about  this,  and  even  if  nicked 
an  inch  or  two  deeper  it  will  bend  and  twist  up  like  a 
'snake.  As  to  temperature,  I  have  tried  all  sorts  of 
cobbles  on  the  coldest  day,  and  I  rarely  had  any  more 
success  at  zero  than  in  summer  time,  but  it  is  a  curious 
fact,  that  a  cobble  or  bar  if  only  slightly  nicked  will 
often  break  easily,  while  the  same  bar,  if  deeply  nicked, 
will  give  you  the  mischief  to  break. 

Mr.  William  Metcalf:  1  suggest  that  a  reason 
perhaps  for  that  is,  that  a  very  slight  nick  made  with 
a  sharp  chisel  will  simply  break  the  surface  without 


disturbing  the  steel,  but  when  you  dig  into  it  for  one- 
half  inch  or  an  inch  the  nick  liecomes  large  and  it 
compresses  the  steel  in  front  of  it,  and  then  you  get 
something  difficult  to  break.  Mr.  Koch  wants  high 
elastic  limit.  I  suggest  that  he  apply  to  the  Army  and 
Navv  Ordnance  Board  or  the  Cambria  Steel  Co.  Thev 

m  w 

will  give  it  to  him,  that  is,  they  will  tell  him  how  they 
do  it.  1  do  not  know  whether  it  will  cost  more  than 
manganese  or  not,  for  I  never  tried  it. 

Mr.  Kocit :  By  tempering,  the  final  fracture  will 

come  up  to  80,000  lbs  We  temj>ered  gun  coil,  and 

that  was  all  right.  We  got  a  high  elastic  limit,  and 

also  a  high  ultimate  steel.  The  ultimate  for  gun  coil 

% 

was  as  high  as  06,000  lbs.  per  square  inch. 

Mr.  Miller:  In  regard  to  these  gentlemen  talking 
about  not  being  able  to  break  a  cobble,  I  have  tried 
my  hand  at  a  15"  shall,  steel  shaft  made  by  Krupp. 
There  was  a  little  crack  or  tear  about  2"  long  in  it.  1 
put  it  under  a  ten  ton  hammer,  and  I  expected  to  have 
a  great  deal  of  trouble  to  break  it.  I  rested  it  about 
six  inches  oft-  the  anvil  and  blocked  it  up  each  side. 
I  hit  it  one  blow,  and  it  broke  as  if  it  had  been  made 
out  of  a  piece  of  clay.  It  broke  so  easily  that  it  took 
away  half  of  the  anvil.  It  was  15"  in  diameter.  The 
crack  was  about  2"  long.  Regarding  cobble**,  I  have 
tried  a  few  of  them,  and  have  had  as  a  rule  no  trouble 
in  breaking.  I  have  tried  some  of  those  other  cobble- 
with  the  carbon  about  .16,  tensile  strength  about  6<>,0(>0 
lbs.,  and  I  have  been  very  much  like  this  gentleman 
here — I  have  sometimes  found  some  that  I  could  not 
break,  but  this  was  American  steel,  ami  as  I  am  an 
American  I  thought  that  was  the  case  with  all  Ameri¬ 
can  steel.  I  find  that  American  steel  is  tougher  than 
what  we  get  from  the  other  side. 

Mr.  Barnes :  With  regard  to  cracks  in  shafts,  I 
was  deeply  interested,  for  this  reason:  In  our  work- 
we  have  a  cracked  shaft.  It  is  steel,  14"  diameter. 
It  is  on  one  of  the  main  journals  of  a  reversing  engine, 
run  with  110  lbs.  of  steam.  That  crack  has  been  there 
about  two  months.  It  extends  half  way  around  the 
shaft,  and  appears  to  be  about  <leep.  It  i-  a  very 
fine  hair-like  crack,  and  so  far  as  we  can  tell  the  shaft 
is  not  working  on  the  crack  at  all  — if  it  had  l>eon  it 
would  have  gone  long  ago.  The  crack  is  extending 
some.  It  is  an  American  shaft,  which  will  not  break 
possibly  as  easily  as  the  German  shaft.  I  am  interested 
in  hearing  what  Mr.  Miller  says.  We  are  holding  on 
to  the  shaft,  running  the  engine,  believing  it  is  all 
right  for  the  present,  although  we  have  ordered  a 
new  one. 

Mr.  Metcalf:  1  would  suggest  that  if  he  will  drill 
a  small  hole  at  the  etui  of  that  crack  it  will  stop  it  for 
a  long  time.  We  put  up  last  summer  a  ten  ton  ham¬ 
mer  with  one  of  these  beautiful  arrangements,  a  key 
in  the  rod  to  hold  it,  and  at  the  end  of  the  first  two 
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weeks  of  running  we  not  only  knocked  several  parts 
to  pieces,  but  we  cracked  that  ram  through  the  key¬ 
hole,  starting  the  crack  at  the  bottom,  and  extending 
on  both  sides.  We  immediately  ordered  a  new  ram, 
and  got  a  good  one  this  time  because  it  has  no  key-hole 
in  it.  To  trv  to  make  this  ram  run  until  we  could  get 
anew  one,  we  drilled  small  holes  at  the  ends  of  the 
cracks,  and  have  been  running  with  the  cracked  ram 
for  six  months,  and  working  as  hard  as  we  can,  and 
only  one  crack  has  passed  the  hole,  and  we  are  using 
it  every  day.  It  is  still  holding  on  and  working  very 
well.  J  merely  suggest  this  as  a  possible  means  by 
which  you  can  stop  that  crack  from  extending.  The 
hole  should  be  about  diameter,  and  about  the  depth 
of  the  crack.  It  will  stop  it  until  you  get  vour  new 
shaft. 

Mr.  Brashear:  Do  you  notice  any  dust  working 
out  of  the  crack? 

Mr.  Barnes:  No,  sir,  there  is  no  dust  coming  out 
of  it.  Indeed,  if  there  was  any  it  would  be  so  mixed 
with  oil  as  to  elude  detection  in  that  way. 

Mr.  Brashear  :  Where  there  are  any  synchronous 
vibrations  in  the  metal  a  small  hole  so  drilled  will 
frequently  stop  them,  but  if  the  vibration  is  kept  up, 
and  that  does  not  destroy  it,  the  crack  seems  to  travel 
on  without  any  interruption.  The  question  is  very 
interesting  in  connection  with  the  shaft. 

Mr.  Hunt:  I  woidd  like  to  ask  Mr.  Metcalf  what  is 
his  theory  as  to  the  holes  stopping  the  crack  working 
on  ? 

Mr.  Metcalf:  Ido  not  know  whether  I  have  any 
theory.  It  is  one  of  those  ideas  I  picked  up  from  some 
good  mechanic,  from  whom  many  a  good  idea  can  be 
obtained.  It  was  an  old  trick  in  such  cases.  I  pre¬ 
sume  that  it  checks  the  synchronous  vibrations.  Yrou 
drill  a  round,  small  hole  there,  and  you  have  destroyed 
the  contiguity  of  verv  many  of  the  crystals  in  your 
piece  of  steel.  If  you  start  a  rupture  of  the  crystals 
in  any  crystalline  body  and  set  up  a  series  of  con¬ 
tinuous  vibrations,  it  will  go  to  pieces,  just  as  if  you 
take  a  piece  of  cloth  or  paper,  which,  while  it  may 
be  very  stiff,  once  started  it  will  tear  very  easily.  It 
seems  to  me  all  crystalline  bodies  break  in  the  same 
way.  If  you  drill  a  round,  smooth  hole  at  the  end  of 
the  crack,  not  too  large,  not  to  destroy  the  strength 
of  the  material,  the  small  hole  will  cut  off  the  break 
in  the  first  place,  and  then  the  hole  being  round  itself 
it  is  like  a  fillet  at  the  corner.  The  vibrations  of 
the  steel  go  around  that  hole,  and  are  necessarily 
distributed  in  the  walls  of  that  hole,  and  there  is  no 
place  where  the  crack  can  again  be  started. 

We  had  a  case  some  years  ago  with  a  three  ton 
hammer,  where  we  were  talked  into  using  a  key  (which 
I  think  is  the  most  abominable  invention  ever  made). 
We  broke  three  rods  in  one  year,  and  finally  broke  the 


ram.  Then  we  had  the  ram  bored  out,  and  tapered 
the  hole,  turned  the  rod  to  the  same  taper  and  fitted 
it  in.  That  hammer  has  been  doing  good  work  ever 
since  on  hard  steel,  and  it  looks  as  if  the  rod,  so  fitted, 
will  stay  there.  I  have  made  the  same  change  on  this 
ten  ton  hammer,  the  ram  is  made  heavier  by  one-half  ton 
than  the  original,  and  I  propose  to  fasten  the  rod  and 
ram  together  in  the  same  manner,  and  it  will  never  get 
loose.  I  think  neither  the  rod  nor  ram  will  ever  break. 
But  the  key  driven  in  there  started  the  crack,  and  it  kept 
on  going  until  we  drilled  the  holes  and  stopped  it. 

Mr.  Brashear:  I  think  that  will  be  found  to  have 
a  good  effect.  We  all  know  the  effect  on  bells.  The 
whole  theory  depends  on  breaking  up  the  synchronous 
vibrations,  otherwise  destruction  will  result. 

Mr.  Barnes:  In  the  case  of  the  shaft,  the  crack 
extends  into  the  shaft  away  from  the  surface.  You 
cannot  prevent  the.  extension  of  the  crack  inward,  but 
I  am  not  prepared  to  say  it  will  not  be  an  advantage 
to  drill  at  the  ends  of  the  crack  to  an  equal  depth.  It 
is  possible,  however,  the  depth  may  be  considerably 
greater  than  I  imagine.  My  feeling  is,  that  the  crack 
is  not  very  deep,  and  I  am  very  l^opeful  it  will  hold  on 
at  least  until  we  get  the  new  shaft,  which  is  well  on  now 
towards  completion. 

Mr.  Brashear:  It  would  be  a  very  pretty  thing  if 
we  could  look  into  iron  as  we  can  look  into  glass 

Mr.  Miller:  I  think,  Mr.  Chairman,  that  Mr. 
Metcalf  struck  a  little  chord  there  that  is  verv  familiar 
to  me  in  regard  to  making  a  fillet  in  that  little  hole. 
1  can  endorse  Mr.  Metcalf’s  theory  about  these  little 
holes.  I  have  had  it  done,  and  it  proved  very  effective. 
And  the  word  “fillet”  is  very  suggestive,  for  I  think 
a  great  many  shafts,  both  iron  and  steel,  are  broken  for 
the  want  of  a  fillet,  having  a  square  corner  or  bear¬ 
ing — that  the  shaft,  I  think,  is  just  as  well  if  it  was 
nicked  with  a  very  fine  chisel.  I  certainly  think  if 
all  shafts,  either  iron  or  steel,  had  a  good  large  fillet 
in  the  corners,  there  would  not  be  so  manv  broken 
shafts.  I  have  seen  it  in  sugar  mill  shafts,  where  some 
with  a  fillet  never  broke,  while  others  would  be  broken 
in  a  very  short  time  that  were  not  so  supplied— broke 
the  first  season. 

There  is  a  mill  herein  Pittsburgh,  that  has  broken 
two  shafts,  and  unfortunately  I  made  one  of  them.  I 
went  to  see  it,  and  it  was  good  iron,  but  I  found  it 
had  a  square  corner,  and  I  also  called  attention  to  the 
fact  that  the  journal  was  too  small  for  the  size  of  the 
shaft,  and  you  have  a  sharp  corner.  Well,  says  he, 
what  are  we  to  do  ?  Well,  I  replied,  if  in  your  next 
shaft  you  will  remedy  this  trouble,  I  do  not  think  you 
will  break  it.  I  put  up  another  shaft.  It  is  now  run¬ 
ning  and  has  been  for  some  vears. 

Mr.  Brashear:  I  can  readily  see  how  that  will 
hold  good  with  a  cast  shaft,  for  the  molecules  cannot 
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form,  and  get  around  a  square  corner,  but  in  the  case 
of  a  worked  shaft,  by  hammering,  I  cannot  see  that  it 
would  make  much  difference. 

Mr.  Miller:  It  is  not  the  hammering,  hut  the 
cutting  with  the  tools. 

Mr.  Metcalf  :  We  hadacustomer  in  the  West  who 
used  saw  mill  shafts,  and  they  appeared  to  last  hut  a 
very  few  weeks.  We  had  frequent  orders  trom  him  tor 
another  shaft  They  complained  of  the  shafts  break¬ 
ing,  and  finally  the  user  of  the  shaft  himself  got  tired 
of  ordering,  and  said  he  would  not  buy  any  more,  and 
would  not  pay  for  the  last  one  he  broke.  That  was 
made  of  good  steel,  not  so  low  as  the  structural  steel. 
The  shafts  were  hammered  to  the  shape  necessary  to 
form  the  crank,  and  the  crank  part  was  hammered  on 
solid,  and  sent  in  that  shape.  They  had  turned  the 
journal  of  the  crank  up  perfectly  square,  and  left  it  in 
that  manner,  and  they  had  broken  a  dozen  shafts  in  the 


course  of  two  or  three  years.  For  curiosity  1  took  tin1 
journal  right  ofl'from  one  that  had  l>ccn  sent  us,  and  sent 
it  to  the  Keystone  Eridge  Co  ,  who  tested  it,  ami  it 
gave  95,000  ll)s.  tensile  strength.  It  was  al*>ut  55  or 
60  carbon,  crucible  steel  shaft,  and  would  not  have 
broken  if  the  parties  had  put  a  fillet  in  the  corner  of 
the  crank.  We  wrote  back,  and  told  them  the  cause, 
saying  it  was  not  our  business,  but  if  they  u*ed  any 
more  steel  shafts,  if  they  would  have  the  gumption  to 
put  fillets  in  the  corners  they  would  not  break,  and 
unless  this  was  done  the  shafts  would  break  in  the 
manner  they  described,  every  time.  I  would  not  trust 
any  steel  shaft,  no  matter  how  large,  if  it  were  turned 
up  with  sharp  corners.  They  will  break  in  some  such 
corner. 

On  motion,  society  adjourned. 

S.  M.  WlCKERSHAM, 

Secretary. 
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Society  came  to  order  8-30  p.  m.  June  21st,  1887,  in  their  rooms,  Penn  Building,  thirty-two  members  present.  J.  i». 
Siebeneck  in  the  chair.  The  usual  routine  business  was  transacted,  and  Emmerich  A.  Werner,  of  Keystone  Bridge  Works, 
recommended  by  E.  Thacher  and  Emil  Swensson,  and  endorsed  by  the  Board,  was  duly  elected  a  incmucr  of  the  Society. 
Mr.  J.  A.  Brashear  read  the  following  paper  on  the  “Parallelometer.” 


A  GRAVITY  PARALLELOMETER. 

One  of  the  most  difficult  tasks  the  practical  optician 
meets  with,  is  the  production  of  parallel  surfaces. 

In  the  preparation  of  such  surfaces  for  polishing, 
great  care  is  necessary  to  approximate  as  closely 
as  possible  to  parallelism,  especially  in  the  “fining” 
process,  in  order  to  leave  the  smallest  amount  of 
correction  for  the  polisher  to  do.  Ordinary  calipers 
may  be  used  for  the  detection  of  errors  in  the 
glass  plate,  and  it  is  astonishing  how  small  an  error 
may  be  determined  by  a  practiced  hand,  but  the  least 
deviation  from  a  line  drawn  through  the  centre  of  the 
plate  and  the  axis  of  the  calipers  will  seriously  afiect 
the  resultant  reading.  The  spherometer  and  micro¬ 
meter  caliper  are  also  readily  adapted  to  the  study  of 
errors  from  parallelism,  and  the  accuracy  of  these 
methods  is  not  here  called  into  question,  but  in  our 
work  we  have  found  that  they  consumed  considerable 
time  in  going  around  the  circumference  of  a  plate. 
Personal  errors  of  contact  are  also  brought  into  the 
problem.  An  instrument  to  work  by  gravity  alone  was 
suggested  by  one  of  my  assistants — Mr.  George  Klages 
— who  constructed  for  me  a  very  excellent  design, 
which  has  been  further  improved  in  the  present 
instrument.  The  device  is  quite  simple,  as  will  be 
seen  by  the  following  description: 

A  is  the  base  plate  of  the  apparatus,  in  which  are 
seen  three  conical  pins  b  b '  b" . 

One  of  these  pins  b  is  made  of  hardened  steel, 
rounded  slightly  on  the  apex  of  the  cone,  and  nicely 
polished  so  as  not  to  scratch  the  glass.  This  pin  is 
placed  directly  under  the  point  of  the  pendulum  p, 
when  this  pendulum  is  vertical,  though  no  great 
exactness  in  this  regard  is  essential. 

The  other  two  pins  b'  b "  are  placed  in  the  slides 
*  s,  and  can  be  moved  to  any  position  to  suit  large  or 
small  plates.  It  is  not  essential  that  these  points  form 
an  equilateral  triangle  with  the  point  6,  an  approxi¬ 
mation  being  all  that  is  necessary. 

P  is  a  pendulum  supported  on  two  delicate  centres 
e  ef.  This  is  the  most  important  part  of  the  instru¬ 
ment.  The  pendulum  and  its  supports  can  l>e  moved 


in  a  vertical  direction  by  the  screw  g,  which  in  this 
case  is  operated  similarly  to  a  micrometer  screw,  so  as 
to  make  up  for  all  lost  motion,  though  for  the  use  it 
is  intended,  this  precaution  is  really  unnecessary. 
The  head  of  the  screw  g  is  divided  for  mere  convenience 
of  reference.  The  lower  point  of  the  )>endulum  rod 
is  slightly  rounded,  and  is  polished  so  that  only  one 
point  shall  come  in  contact  with  the  glas>  plate.  The 
upper  portion  of  the  pendulum  is  made  very  light, 
and  at  the  top  is  drawn  into  a  fine  |x>int  to  serve  as  an 
index  to  the  divided  arc  k. 

It  will  be  noticed  that  the  motion  of  the  j>endulum 
is  arrested  in  one  direction  bv  the  screw  /,  a  very 
necessary  precaution,  and  the  glass  plate  being  toted, 
is  alvays  rotated  under  the  pendulum  in  the  direction 
that  it  is  free  to  move. 

The  divided  arc  k  gives  at  once  the  reading  of  the 
swing  of  the  upper  end  of  the  {>endulum  p  As 
this  end  of  the  pendulum  may  be  many  times 
longer  than  the  lower  end,  almost  any  degree  of 
delicacy  may  be  obtained,  but  in  practice  we  find 
from  five  to  eight  times  sufficient  for  our  use,  and 
with  it  made  of  such  proportions,  there  is  no  difficulty 
in  quickly  detecting  errors  less  than  ,  of  an  inch. 
It  must  be  understood,  however,  that  it  is  not  quantity 
we  wish  to  measure,  onlv  so  far  as  we  de>ire  to  know 
whether  there  is  an  appreciable  error  in  a  plate,  and 
as  th e  first  movement  of  the  pendulum  is,  “  to  all  intents 
and  purposes,”  in  a  tangential  line  to  a  radius  which 
is  vertical  with  respect  to  the  plate,  it  can  be  readily 
seen  that  a  very  minute  quantity  or  error  in  a  plate 
can  be  detected.  To  make  this  plain,  however,  it  is 
only  necessary  to  give  in  a  few  words  the  process  used 
in  testing  a  plate  for  parallelism. 

First.  The  twro  points  b'  b''  are  set  in  a  convenient 
position  in  reference  to  the  plate  to  be  tested. 

Second.  By  the  screw  g  the  point  of  the  |>endulum  p 
is  brought  down  to  the  thinnest  part  of  the  plate 
previously  placet!  beneath  it.  This  is  readily  found 
by  running  the  screw  down  a  little  lower  than  the 
supposed  thinnest  part  of  the  plate,  then  by  rotating 
the  plate,  the  index  i  will  at  once  tell  us  where  the 
thinnest  part  is.  The  screw  is  then  set  so  that  the 
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index  is  vertical.  It  will  now  readily  In*  seen  that 
every  part  of  the  plate  can  be  quickly  studied  by 
rotating  it  under  the  j>oint  of  the  pendulum,  its  errors 
marked  on  it  with  a  soft  lead  pencil,  and  the  proper  cor¬ 
rections  applied.  The  only  drawback  to  its  use  is  in 
minute  dust  particles  getting  under  the  point  of  the 
pendulum,  but  as  these  dust  particles  cause  a  rapid 
movement  of  the  index,  this  trouble  is  easily  elimi¬ 
nated  in  practice.  And  we  have  found  this  little 
device  a  most  admirable  help  in  the  preparation  of 
parallel  surfaces. 

Of  course  the  final  testing  must  be  done  by  cuticle 
optical  means,  as  the  polishing  proceeds,  and  here  we 
must  fall  back  on  those  refined  instruments,  the  human 
hands,  directed  by  the  eye  and  brain.  Yet  so  much 
has  this  device  assisted  in  our  work,  that  mv  assistant 
Mr.  James  McDonell,  has  produced  plates  whose  error 
from  parallelism  has  been  so  small  as  one  second  of 
arc;  and  in  one  instance  the  error  was  so  minute  that 
a  mathematical  line  drawn  from  the  two  surfaces 
would  not  unite  in  five  miles,  the  plates  being  about 
6  m  m  thick,  or  in  other  words,  the  deviation  from 
parallelism  in  the  plates  in  question  was  TssVffii  of  an 
inch.  I  do  not  wish  my  testimony  to  be  taken  here, 
but  I  give  you  the  figures  as  given  me  by  some  of  the 
most  eminent  physicists  of  our  land,  viz.:  A  set  of 
plates  made  for  Prof.  A.  A.  Michelson,  greatest  error 
1.5".  A  set  made  for  Prof.  Anthony,  of  Cornell 
University,  greatest  error  1.0".  For  Gen.  Hazen,  no 
error  detected.  The  evidences  could  be  multiplied, 
but  these  are  sufficient.  Our  aim  is  the  best  work,  or 
none. 

After  the  reading  of  this  paper  the  discussion  of 
Mr.  Danse’s  paper  on  “Fire-proof  Buildings”  was 
continued,  viz.: 

Mr.  Hunt:  I  would  call  the  attention  of  the  members 
of  the  Society  to  the  fact,  with  reference  to  the  paper 
that  was  read  at  the  last  meeting,  that  the  writer  stated 
that  one  of  the  buildings  which  was  in  one  sense  a 
strictly  fire-proof  structure,  is  one  which  is  now  a  pile 
of  ruins.  I  refer  to  the  First  National  Bank  building, 
at  the  corner  of  Fifth  avenue  and  Wood  street.  It  has 
been  shown  that  it  was  fire-proof  only  in  part. 

Mr.  Barnes:  I  would  like  to  ask  for  information 
in  regard  to  the  distinction  brought  out  between  an 
incombustible  and  a  fire-proof  building.  This  First 
National  Bank  was  spoken  of  as  being  incombustible, 
but  yet  as  not  being  fire-proof.  Wherein  lies  the 
difference  between  these  two  terms? 

Mr.  Siebeneck:  I  believe  that  the  writer  stated 
that  an  incombustible  building  was  a  structure  that  was 
made  from  incombustible  material,  that  would  not 
burn,  and  yet  was  not  fire-proof;  that  good  timber, 
properly  surrounded,  is  far  more  safe  than  iron  would 


be.  I  only  cursorily  rend  over  the  paper,  but  I  noticed 
this  distinction.  It  was  a  curious  one  to  me. 

Mr.  Hint:  It  seemed  to  me  that  there  was  a  differ¬ 
ent  meaning  from  this  in  the  paj»er,  as  to  what  wri¬ 
the  distinction  between  an  incombustible  and  a  fire¬ 
proof  building.  Now  it  is  a  fact,  there  is  a  large  pile 
of  iron  extending  up  above  the  horizon  where  a 
building  was,  that  did  not  burn,  because  it  was  practi¬ 
cally  incombustible,  or  rather  the  material  that  was 
in  it.  In  that  sense  the  Vails  of  the  building,  that 
which  actually  made  the  building,  were  incombustible, 
and  at  the  same  time  the  building  was  not  fire-proof, 
from  the  fact  that  it  was  so  constructed  that  the  entire 
wood  work  could  burn  and  could  practically  be  de¬ 
stroyed  without  having  the  walls  fall  down.  A  fire¬ 
proof  building  is  one  that,  if  a  fire  should  start  in  the 
wood  work  necessary  about  any  large  building  it 
would  be  so  disconnected  from  the  rest  of  the  building 
that  the  fire  would  be  only  in  the  one  apartment 
where  it  started ;  that  it  could  not  go  on  to  other 
rooms.  That  was  my  idea  as  to  what  he  meant  by 
the  fire-proof  building,  and  that  the  incombustible 
building  was  one  where  the  walls  might  stand  up,  as 
in  the  case  already  cited,  and  still  it  would  not  be 
fire-proof. 

Mr.  Siebeneck  here  read  an  extract  from  thepaj>er 
of  Mr.  Danse,  bearing  on  this  subject. 

Mr.  Roberts:  In  regard  to  the  expansion  of  the 
Moor  beams,  I  made  inquiries  myself,  but  could  get 
no  information  on  the  subject.  Does  anyone  here 
know  about  that? 

Looking  up  from  the  street  the  arches  seemed  to  be 
intact.  I  have  no  doubt  the  uppermost  floor  was  very 
highly  heated,  so  that  I  cannot  see  there  was  any 
trouble  from  expansion.  In  that  building,  probably 
there  was  some  arrangement  to  take  up  the  expansion 
of  the  floor  beams. 

It  seemed  to  be  a  pretty  good  tire-proof  building 
from  the  fourth  floor  down.  The  mansard  r«>of  was 
of  frame,  anti  reminded  me  of  a  building  on  Broadway, 
New  York,  that  cost  two  and  a  half  millions  of  dollars 
(the  Equitable  Life  Assurance  Society  building),  and 
the  eighth  story,  I  was  very  much  surprised  to  tint!, 
was  all  wood.  All  below  was  incombustible,  anti  I 
thought  it  was  a  great  mistake  to  leave  that  tire  1h>x  on 
the  topofthe  building.  It  also  appearsthat  the  principal 
damage  in  the  First  National  Bank  building  was  from 
the  water.  The  Bank’s  room  !>elow,  and  the  stores, 
would  not  have  been  injured  except  from  this.  The 
fire  was  kept  in  the.upper  rooms;  but  bail  the  floors 
of  these  rooms  been  water-proof  the  lower  stories 
would  have  been  all  right.  I  believe  that  it  is  practiced 
in  some  places  to  make  floors  with  gutters  around  the 
edges  of  the  walls  for  the  purpose  of  carrying  off  the 
water  in  case  of  a  fire.  They  should  have  buildings 
not  only  fire-proof,  but  water-proof. 
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Air.  Wickersh  am  :  I  am  verv  sorry  that  Mr.  Danse 
is  not  here  to  explain  what  he  meant  by  incombustible 
and  fire-proof  buildings.  I  think  that  what  lie  means, 
as  explained  to  me,  was  very  sensible.  There  is 
nothing,  he  admits,  but  can  be  destroyed  by  heat,  if 
the  heat  is  raised  sufficiently.  There  is  no  material 
we  have  but  what  can  be  worked  and  molded  under 
heat,  therefore  nothing  we  have,  but  what  can  be 
destroyed,  if  enough  heat  is  applied. 

But  his  idea  was  to  build  n  fire-proof  building,  even 
of  wood,  which  is  very  destructible,  of  which  we  make 
floors,  but  to  protect  that  wood  so  that  in  all  human 
probability  no  heat  will  reach  it  sufficient  to  burn  it. 
Then  you  have  an  indestructible  building  made  of 
very  destructible  material,  but  he  does  away  with 
wood,  and  uses  what  he  calls  porous  tile.  With 
this  porous  tile  he  covers  all  the  wood  work  necessary 
to  be  used,  covering  it  so  well  and  spiking  it  to  the 
wood,  covering  the  heads  of  the  spikes  and  nails,  or 
whatever  he  uses,  in  such  a  way  that  it  is  not  probable 
that  heat  enough  will  be  raised  from  any  source  to 
affect  it.. 

If  he  succeeds  in  that,  he  has  a  fire-proof  build¬ 
ing,  although  the  main  components  of  that  building 


are  destructible  by  fire.  If  the  building  is  built  of 
iron,  with  iron  girders  and  iron  joists,  it  is  protected  in 
the  same  way  as  shown  in  the  cut  in  the  paper  of  Mr. 
Danse.  Not  a  particle  of  the  iron  is  exposed  to  the  heat, 
therefore  there  will  not  be  enough  heat  to  warp  the 
iron  and  disarrange  it,  and  the  building  is  practically 
indestructible.  Parts  of  the  building  may  be  destroyed, 
but  if  the  whole  is  built  in  that  way,  of  either  wood 
or  iron,  the  fire  cannot  spread  from  one  part  to  another, 
and  therefore  it  is  indestructible.  That  is  Mr.  Danse’s 
idea,  I  think,  as  near  as  I  can  state  it  in  his  absence. 

Mr.  Roberts  here  exhibited  a  specimen  of  the 
porous  tile  referred  to  by  Mr.  Danse  in  his  paper, 
which  was  examined  by  the  members. 

Mr.  Kocn  :  Suppose  that  terra  cotta  is  exposed  to 
a  very  high  heat,  and  then  the  hose  from  a  fire  engine 
is  turned  on  it,  what  will  be  the  effect  ?  Mr.  Danse 
did  not  mention  that  in  his  paper. 

Mr.  Roberts  :  Mr.  Danse  said  that  the  material  had 
been  tested  in  that  way. 

At  10  o’clock  Society  adjourned. 

S.  M.  WlCKERSHAM, 

Secretary. 


JOINT  EXCURSION 

OF  THE 

Engineers'  Society  of  Western  Pennsylvania,  the  Society  of  Architects,  and  the 

Amateurs’  Society  of  Photography,  via  Steamer  to 
Browgsville  and  Return, 

^  J'U'N^E  r  1,3*3,’7.-K- 


The  boat  ivill  leave  the  wharf  above  Market  Street  at  8  A.  M.  sharp,  Friday,  June  24th,  returning 
about  10  P.  M.  Single  tickets  will  not  exceed  in  cost  $3.00,  including  all  expenses  for  meals,  music,  dc. 


[ Memoranda  of  the  Monongahela  Hirer. — The  Monongahela 
river  is  formed  by  the  junction  of  the  West  Fork  and 
Tygart  Valley  rivers,  in  Wesi  Virginia.  From  the  junction 
to  Pittsburgh  the  distance  is  129.7  miles;  including  the 
Tygart  Valley,  the  entire  length  of  the  river  is  264.7  miles. 
Area  of  the  valley  about  7,000  square  miles  (about  one-half 
that  of  the  basin  of  the  Allegheny  river).  The  fall  of  the 
river  from  Morgantown,  West  Va.,102  miles  to  Pittsburgh,  is 
89.97  feet,  or  about  0.8  feet  per  mile.  From  Morgantown  to 
forks  of  river  the  fall  is  nearly  2  feet  per  mile.  (Elevation 
of  low  water  at  Pittsburgh,  699.16  feet  above  mean  tide.) 
The  Youghiogheny,  Cheat,  and  Tygart  Valley  rivers,  all 
mountain  streams,  furnish  the  great  bulk  of  its  p  rennial 
supply  of  water.  The  Monongahela  is  called  the  “islandless 
river,”  from  the  fact  that  it  contains  no  islands  within  the 
limits  of  Pennsylvania,  its  present  navigable  portion, (above 
that  only  two  insigniiicant  islands  occur  to  the  Forks.)  It 
is  improved  by  a  system  of  locks  and  dams.  Of  these,  Nos. 
1  to  7  inclusive  were  constructed  and  are.  operated  and 
maintained  by  the  Monongahela  Navigation  Company.  No. 
8  dam.  at  the  m  ,uth  of  Dunkard  Creek,  Greene  county,  l’a., 
and  2  nnles  below  the  mouth  of  the  Cheat,  is  now  being 
constructed  by  the  United  States.  No.  9,  live  miles  below 
Morgantown,  West  Va.,  is  already  completed,  and  is  the 
property  of  the  United  States.  Navigation  to  Morgantown 
(the  seat  of  the  University  of  West  Va.'  will  probably  be 
open  during  the  year  1888.  The  name  “  Monongahela”  was 
given  by  the  Indians  to  this  river.  The  word  signifies 
“muddy  water.”  “Allegheny,”  in  the  Seneca  dialect,  and 
“Ohio,”  in  the  Mingo  tongue, signify  “clear”  or  ‘  beautiful” 
water.  The  Indians  evidently  regarded  the  Allegheny  as 
the  prolongation  of  the  Ohio.  So  also  the  French,  when 
they  translated  the  names,  applied  “La  lielle  Riviere"  indis¬ 


criminately  to  both  of  these  rivers.  Allegheny  river  is  325 
miles  long.  The  tonnage  represented  in  the  boat'  an  1 
barges  and  steamers  engaged  in  the  coal  trade  from  the 
Monongahela  river,  viz.: — About  140  steamers  and  :i,non 
boats  and  barges,  representing  a  greater  currying  capacity 
than  the  aggregate  tonnage  of  all  the  re>t  of  the  M is-O'sippi 
Valley.  About  100  coal  mines  are  in  active  operation  in  the 
lower  four  pools  (none  above  the  4th,  as  yet),  which  give 
employment  to  about  9,000  miners. 


POINTS  OF  INTEREST  RETWEEN  PITTS¬ 
BURGH  AND  BROWNSVILLE. 


First  Pool. 

Leaving  Ix>ck  No.  1  the  lirst  bridge  i>  the  recently 
completed  structure  of  the  Monongahela  Connecting 
R  R.,  extending  from  the  Eliza  Furnace  on  the  right 
to  the  American  Iron  Works  on  the  left  hank  of  the 
river.  After  leaving  Hazelwood  and  Glenwood  we 
pass  under  the  B.  &  O.  (Wheeling  extension)  R.  R. 
bridge.  The  railroad  leaves  the  river  for  the  West  by 
Streets  Run.  A  mile  above  the  bridge  on  the  left  bank 
is  the  City  Farm  (near  Homestead).  Here  we  pass 
under  the  Pittsburgh,  MeKeesj>ort  A  Voughioghenv 
R.  R.  bridge,  with  its  notably  long  approaching 
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trestles.  The  Pittsburgh  city  boundary  strikes  the 
river  just  below  the  right  shore  end  of  this  bridge 
about  9  miles  from  the  Point,  or  mouth  of  the  river). 
The  new  Homestead  Steel  Works  on  the  left,  the 
Carrie  Furnace,  and  the  Miller  Forge  on  the  right, 
are  passed  below  the  town  ol  Braddock.  Braddock’s 
new  water  works,  and  the  Edgar  Thomson  Steel 
Works  (particularly  the  latter),  with  its  numerous 
furnaces,  form  striking  objects  here.  Braddock’s  army 
crossed  the  river  to  meet  the  French  and  Indians  in 
ambuscade  at  a  point 'about  opposite  furnace  E,  July 
9th,  1755,  upon  which  occasion  about  800  out  of 
Braddock’s  army  of  1800  were  killed  or  wounded. 
The  worst  fighting  was  done  on  the  hillside  at  the 
lower  end  of  the  Steel  Works’  immense  inclosure,  and 
the  ground  is  clearly  visible  from  the  steamer.  Here 
Washington  dug  up  his  little  hatchet  for  the  first  time. 
Through  these  great  works  there  passes  the  P.,  McK. 
&  Y.  (Vanderbilt)  road,  on  the  river  bank.  Next  the 
Baltimore  &  Ohio,  and  on  the  hillside  behind  them 
the  Penn’a  R.  R.  main  line — three  great  rival  trunk 
line  roads.  Passing  up  the  left  bank  of  the  river  to 
West  Brownsville  is  the  Pittsburgh,  Virginia  & 
Charleston  R.  R.  (it  crosses  the  river  near  Brownsville 
and  terminates  at  l  niontown).  Just  above  the  mouth 
of  Turtle  Creek  we  pass  under  the  bridge  connecting 
the  P.,  V.  &  C.  with  the  P.  R.  R.,  and  here  enter 
Lock  No.  2  at  the  village  of  Port  Perry,  12  miles 
above  Pittsburgh. 

Pool  No.  2. 

Two  miles  above  Lock  2,  on  the  left  are  seen  the 
works  of  the  New  Duquesne  Steel  Works,  and  at  16 
miles  above  Pittsburgh  we  have  McKeesport  and  the 
mouth  of  the  Yougliiogheny  river.  The  difference 
in  the  color  of  the  mingling  waters  presents  somewhat 
the  contrast  of  the  “blue  and  the  gray.”  The  B.  &  O. 
and  the  P.,  McK.  &  Y.  Railroads  pass  up  the  Yough 
to  Connellsville,  etc.,  so  that  above  this  point  there  is 
no  road  on  the  right  bank.  On  the  left,  above 
McKeesport,  is  Dravosburg  and  other  mining  towns. 
At  22  miles  above  Pittsburgh  we  pass  between  the 
towns  of  Elizabeth  on  the  right,  and  East  and  A\  est 
Elizabeth  on  the  left  bank,  and  21  miles  above  enter 
Lock  No.  3. 

Pool  No.  3. 

A  succession  of  coal  works  is  seen,  and  at  31  miles 
above  Pittsburgh  we  pass  the  thriving  town  of 
Monongahela  City.  Above  this  we  have  Webster  on 
the  right,  and  at  41  miles  reach  Lock  No.  4. 


Pool  No.  4. 

Belle  Vernon  is  seen  on  the  right  2  miles  above  the 
lock,  and  on  the  same  side,  above  it  about  2  miles, 
Fayette  City.  At  52  miles  we  pass  California,  the  seat 
of  one  of  the  State  Normal  Schools  (average  attend¬ 
ance,  about  500).  Just  above  the  P.,  V.  &  C.  R.  R. 
bridge  over  the  river,  and  57  miles  above  Pittsburgh 
(2£  miles  below  Lock  No.  5),  we  reach  Brownsville. 

BROWNSVILLE. 

Brownsville  occupies  both  banks  and  the  hillsides  of 
Dunlap’s  Creek,  over  which  is  to  be  seen  a  unique 
cast-iron  elliptical  tubular  arch  bridge — the  only  one 
of  the  kind  in  America  of  considerable  span.  It  was 
built  by  the  General  Government  in  1822,  to  carry  the 
great  National  road.  The  greatest  period  in  the  glory 
of  Brownsville  passed  away  with  the  days  of  stage 
coaching.  The  photographers  will  here  find  good 
subjects  for  pictures,  among  which  may  be  mentioned 
— The  National  Bridge;  the  landing,  with  its  quaint 
walls  supporting  buildings ;  the  old  market  house ; 
the  United  States  Hotel ;  the  ivy-crowned  tower  of 
the  Episcopal  Church,  and  its  handsome  churchyard  ; 
several  terraced  and  walled  residences.  The  view 
from  the  rear  entrance  gate  of  Mr.  Jeffries’  residence 
looking  down  upon  the  river,  and  the  bridge  crossing 
it,  is  very  fine.  Mr,  Jeffries’  house  and  garden  occupy 
the  position  of  Red  Stone  Old  Fort,  a  prominent  post 
in  early  times,  and  in  his  garden  are  the  tombstones  of 
two  of  George  Washington’s  nephews,  viz. : — Archibald 
and  John  H.  Washington;  also  that  of  their  friend 
Edward  B.  Maclien,  of  South  Carolina.  These  three 
young  men  were  poisoned  in  Brownsville  in  April, 
1818,  while  on  their  way  west  with  a  lot  of  slaves. 
Opposite  the  steamboat  landing  in  West  Brownsville 
is  the  birthplace  of  James  G.  Blaine  ;  the  old  house 
is  still  standing. 

On  the  return  trip  the  United  Societies  are  invited 
to  stop  at  Lock  No.  4,  by  Major  Thomas  McGowan, 
and  hold  an  informal  meeting  in  the  pleasant  new  hall 
of  the  Union  Literary  Society  of  that  place.  The 
Photographers  can  also  find  several  good  subjects  for 
pictures  at  Lock  No.  4. 

THOS.  P.  ROBERTS, 

JAMES  BENNY, 

W.  L.  SCAIFE, 

L.  O.  DANSE, 

WM.  MILLER, 

Committee  on  Excursion. 
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Society  met  at  their  rooms,  Penn  Building,  Tuesday,  September  20th,  is*7,  at  s  o'clock  p.  M.,  twenty  three  meinhct 
and  two  visitors  present,  President  Dempster  in  the  chair.  Marcelin  Scai'e,  <  has.  Bailey  and  \V.  W.  Fortune  were  duly 
elected  to  membership.  Thos.  P.  Roberts  read  the  following: 


Our  society  is  now  in  the  eighth  year  of  its  exist¬ 
ence,  and  in  point  of  membership  and  average  attend¬ 
ance  is  in  a  flourishing  condition.  Financially,  1  be¬ 
lieve,  we  are  well  off,  and  have  pleasant  meeting 
rooms,  an  excellent  library  of  standard  works  of  refer¬ 
ence,  engineering  periodicals,  etc.  So,  then,  as  far  as 
these  outward  and  visible  signs  betoken,  the  En¬ 
gineers’  Societv  of  Western  Pennsylvania  is  not  sur- 
passed  by  any  similar  organization  in  the  country. 
We  can  congratulate  ourselves  in  the  further  fact  that 
in  certain  departments  of  engineering,  fine  art,  as,  for 
instance,  chemieo  metallurgy,  our  society  takes  a  very 
prominent  position;  the  lead,  certainly,  in  all  that 
pertains  to  the  manufacture  of  and  uses  of  steel  in 
construction.  So,  also,  in  the  refinement  of  astronom¬ 
ical  instrument  manufacture,  no  one  disputes  the 
wide-world  fame  we  can  herald  in  our  membership. 
However,  this  is  scarcely  the  time  to  review  the  his¬ 
tory  and  achievements  of  the  society;  if  it  were,  it 
would  be  easy  to  speak  of  the  departments  of  rail¬ 
making,  railroad  construction,  management  and  main¬ 
tenance,  bridge-building  and  inspection,  foundations 
and  masonry,  engine  and  boiler-making  and  manage¬ 
ment,  water  works  sewerage,  natural  gas — chemically 
and  employment  of — in  every  one  of  which  we  have 
accomplished  experts  among  us,  some  of  whom  enjoy 
a  national  reputation.  But  we  must  defer  this  self¬ 
laudation  to  the  tenth  anniversary  of  our  corporate 
existence,  and  I  oidy  refer  to  these  things  as  the 
happy  boy  does  who  jingles  his  first  two  half-dollars 
in  his  pocket,  not  because  he  is  about  to  squander 
them,  but  merely  to  excite  the  pleasure  which  a  real¬ 
istic  knowledge  affords  him,  that  he  has  them  to  squan¬ 
der  when  he  feels  like  it. 

But  it  is  not  enough  for  us  to  revel  in  past  glories ; 
we  should  be  looking  ahead  for  fresh  laurels,  and  it 
occurred  to  me  that  this  opening  night  of  another  sea¬ 
son,  when  we  have  no  regular  paper  for  discussion, 
would  be  a  good  time  to  revamp  our  affairs,  and  stir 
up,  if  possible,  a  spirit  favorable  to  progress. 

Our  organization  is  unique  among  the  engineering 
societies.  It  is  not  really  an  association  of  civil  en¬ 
gineers,  in  the  ordinary  acceptance  of  that  term,  for, 
in  addition  to  engineers,  military,  civil,  mechanical, 
mining,  metallurgical  and  hydraulic,  we  have  among  us 


manufacturers  of  the  material  which  the  engineers 
employ,  and  chemists,  and  other  experts  who  test  the 
manufacturers’  products,  and  who  are  not  afraid  to 
discuss  them  right  here  in  our  meetings  ;  besides  these 
we  have  also  representatives  of  the  men  who  furnish 
the  means  to  employ  the  engineers,  for,  also,  it  is  true 
we  cannot  all  be  engineers. 

This  is  by  no  means  a  combination  of  heterogeneous 
interests,  likely  to  result  only  in  the  building  of  a 
tower  of  Babel ;  and,  after  all,  I  have  never  heard 
there  was  anything  wrong  with  that  tower  itself;  the 
bricks  were  not  hard  burnt,  it  is  true,  but  the  cement 
passed  inspection  all  the  time. 

When  one  of  our  skillful  assoriates  condemns  steel 
for  rivets  in  boilers,  or  another  points  out  the  means 
to  prevent  bridge  disasters,  it  is  not  so  much  for  the 
benefit  of  his  class-fellows,  but  rather  more  for  the 
benefit  of  those  who  organize  the  projects  and  pay  for 
the  boilers  and  bridges.  Intelligence  is  much  more 
widely  diffused  among  business  men  than  it  was  in  the 
past  generation.  The  tendency  among  our  successful 
business  men  is  to  devote  their  leisure  lime  to  some 
department  of  science.  We  have  a  popular  Fifth 
avenue  merchant  ranked  among  the  microscopiaE ;  a 
Presbyterian  divine  of  the  East  End  standing  among 
the  highest  as  an  entomological;  so  others  are  physi¬ 
cists,  and  among  these  we  have  caught  in  our  society 
the  amateur  engineers.  It  was  not  so  fifty  years  ago. 
I  heard  my  father  remark  that  in  1S32,  when  he  was 
sent  to  take  charge  of  the  surveys  for  the  Portage  rail¬ 
road  cross  the  Allegheny  mountains,  in  the  entire 
list  of  engineers  in  this  State  only  six  were  competent 
to  lay  out  railway  curves,  the  canal  work  previous  to 
that  time  not  having  required  the  work  of  such  “spe¬ 
cialists.”  Those  were  the  days  when  a  transit  man 
looked  down  upon  a  leveler  as  a  first  lieutenant  of  a 
saucy  English  frigate  regarded  a  midshipman;  the 
period  when  years  of  experience  were  required  with 
plus  and  minus  sights  before  it  would  be  safe  for  can¬ 
didates  to  seek  the  privilege  of  touching  the  sacred 
tangent  screw,  or  attempt  to  solve  the  mystery  of  the 
vernier  plate.  But  in  these  days  the  use  of  instru¬ 
ments  is  taught  in  almost  every  school,  and  the  public 
has  learned  to  distinguish  an  engineer  with  or  without 
a  pair  of  high  top  boots. 
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If  we  were  called  upon  to  restrict  tiie  membership 
and  scope  of  our  society,  where  would  we  begin  to 
draw  the  line?  Would  we  aim  to  make  it  an  associa¬ 
tion  of  mining,  or  mechanical,  hydraulic,  electrical,  or 
gas  engineers,  or  simply  old-fashioned  civil  engineers 
and  surveyors?  There  was  a  time  when  the  civil  en¬ 
gineer  coped  more  or  less  successfully  with  every 
division  of  his  art:  still,  the  evolution  in  his  business 
is  not  without  its  parallel  in  other  professional  occu¬ 
pations.  All,  or  nearly  all  the  sub-divisions  of  the 
great  profession  possess  independent  national  organi¬ 
zations,  which  is  well  for  them  ;  but  a  national  organi¬ 
zation  on  the  basis  of  our  society  might  not  flourish, 
because  its  meetings  could  not  be  held  frequently 
enough  to  develop  its  several  fields ;  while,  at  the 
same  time,  our  city  has  not  engineers  enough  to  war¬ 
rant  separate  organizations.  It  was  wise,  therefore, 
that  the  founders  of  our  society  organized  it  as  they 
did.  I  dwell  upon  this  feature  of  our  society  because 
I  believe  some  members  do  not  understand  the  lati¬ 
tude  it  permits  its  proceedings  to  move  in  the  direc¬ 
tion  of  practical  and  technical  education.  Fifty 
mechanics  started  the  Franklin  Institute  in  Philadel¬ 
phia,  where  now  the  greatest  of  engineers  esteem  it  an 
honor  and  a  privilege  to  be  heard,  and  no  city  is  more 
distinctly  mechanical  than  Pittsburgh. 

It  seems  to  me  that  the  opening  of  another  season 
of  meetings  is  a  good  time  to  consider  these  things,  in 
order  to  see  what  further  steps  in  advance  we  may 
make.  In  the  past  year  it  has  been  sometimes  diffi¬ 
cult  to  prevail  upon  members  to  furnish  papers  for 
discussion,  and  sometimes  I  have  thought  the  difficulty 
was  caused  by  the  fear  that  the  subjects  chosen  might 
not  be  interesting.  I  recall  a  paper  read  here  once 
on  the  subject  of  whether  it  was  worth  while  to  fire 
cannon  over  drowned  bodies  in  the  hope  of  raising 
them.  It  was  not  strictly  engineering,  neither  would 
the  doctors  consider  it  a  medical  question  (doctors 
never  meddle  with  the  dead),  so  it  was  brought  here, 
and  I  believe  it  was  decided  that  a  dredging  machine 
was  better  than  a  cannon  for  the  purpose  intended, 
and  that  the  best  scoops  for  dredging  machines  were 
made  of  low  carbon  steel.  Our  members  appear  ready 
to  hear  anything,  almost.  One  thing  is  certain,  if  the 
speaker  of  the  evening  forgets  to  give  his  paper  some 
slight  engineering  turn,  the  debaters  proceed  to  infuse 
that  element  into  it,  so  that  it  comes  out  right  in  the 
end.  But  our  members  should  come  to  propose  some¬ 
thing  as  well  as  to  hear  and  debate. 

During  the  course  of  a  month  there  is  apt  to  arise, 
in  almost  any  member’s  experience,  some  problem  of  a 
practical  nature,  of  which  nothing  can  be  learned  from 
Spon,  Mosely,  Rankin,  Trautwine,  "Webster,  or  Wor¬ 
cester,  for  there  are  things  in  engineering  too  profound 


for  any  professor;  so,  why  not  ask  for  information 
here,  as  did  a  member  not  long  ago,  who  learned  how 
to  break  cobbles,  provided  there  was  any  break  in 
them.  “In  a  multitude  of  counselors  there  is  wis¬ 
dom/’  and  I  believe  we  meet  for  the  purpose  of  deal¬ 
ing  out  that  commodity  freely.  Only  one  question  is 
barred  out,  so  far  as  I  know,  and  that  is,  “How  long 
will  the  natural  gas  last?”  On  natural  gas  we  have 
several  bench  marks,  and  have  taken  a  number  of 
back  sights,  but  our  foresights  are  somewhat  hazy,  so 
that  our  level  notes  remain  unbalanced. 

I  have  thought,  considering  the  diversified  talents 
and  tastes  of  our  members,  that  it  might  be  a  good 
thing  to  have  the  society  divided  into  three  grand  sec¬ 
tions,  the  members  being  required  to  join  one,  with 
the  privilege  of  joining  the  others  if  they  desire.  The 
sections  in  turn  might  meet  on  the  first,  third  and 
fourth  Tuesday  nights  of  each  month,  the  second 
Tuesday  night  of  each  month  being  reserved  for  the 
meeting  of  the  general  society.  This  would,  I  think, 
be  an  improvement  on  the  weekly  social  meetings  at¬ 
tempted  last  winter,  because  the  sections  could  be 
organized  with  a  chairman  and  clerk  each,  and  records 
could  be  kept.  In  this  way  members  might  be  brought 
in  more  intimate  contact  with  others  devoted  to  their 
special  studies  or  occupations. 

I  make  this  suggestion  in  the  hope  that  members 
may  take  it  into  consideration. 

Discussion  of  Mr.  Roberts’  paper  on  “The  Future 
of  Our  Society.” 

Mr.  Rees:  I  like  that  suggestion  at  the  end  of  the 
paper,  that  sections  be  formed.  I  think  there  are 
some  members  of  the  society  who  would  enjoy  it  better 
in  that  way.  The  civil  engineers  probably  would  rally 
together  more  numerously  and  uniformly  than  they 
do  now  if  they  had  a  section  of  their  own ;  possibly 
the  mechanical  engineers  would  do  the  same. 

Mr.  Harlow  :  There  were  one  or  two  points  in 
Mr.  Roberts’  address  that  I  was  interested  in,  the  first 
and  the  last  one.  That  point  in  regard  to  dividing 
the  society  into  several  different  branches  was  dis¬ 
cussed  among  the  originators  of  the  society,  and  I  re¬ 
member  of  Mr.  Metcalf  remarking  at  the  time  that 
there  had  been  a  society  formed  some  time  before 
which  was  divided  in  that  way,  and  its  death  was 
caused  by  that  action. 

It  seems  to  me  that  considerable  interest  could  be 
developed  by  adopting  a  plan  that  is  used  by  one  of 
the  water  works  organizations — of  the  members  asking 
questions.  The  questions  are  sent  to  the  secretary, 
placed  in  a  box,  and  at  the  meeting  drawn  at  ran¬ 
dom  from  the  box,  read  and  answered  by  some  one  of 
the  members. 
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Mr.  Phillips :  I  think  Mr.  Roberts’  suggestion  is 
a  verv  good  one,  indeed,  as  to  the  matter  of  sections, 
if  it  can  he  carried  out.  But  there  is  one  difficulty 
that  would  occur  that  perhaps  is  not  met  in  any  other 
of  the  societies  of  the  same  sort.  In  Philadelphia, 
for  instance,  the  Franklin  Institute,  the  members,  or 
many  of  them,  are  men  of  leisure.  I  should  think  that 
all  of  the  active  members  are  either  men  of  leisure,  or 
have  so  much  time  that  it  is  an  easy  matter  to  prepare 
papers  and  get  ready  to  discuss  them  from  an  actual 
study  of  the  subject  beforehand. 

So  far  as  our  society  is  concerned,  I  think  nearly  all 
the  members  are  very  busy.  Almost  everybody  is 
crowded  with  work,  particularly  just  now,  and,  indeed, 
for  the  last  vear  or  two,  and  that  is  a  drawback  that 
would  be  encountered  in  the  matter  of  dividing  the 
society  into  sections. 

Mr.  Kirk  :  I  will  just  sav,  that  while  a  division 
into  sections  seems  to  be  attractive  at  first  sight,  I 
rather  think  we  are  not  far  enough  along  for  that  yet; 
but  there  is  one  subject,  I  think,  that  would  add 
greatly  to  the  interest  of  our  meetings,  and  that  is  to 
take  up  the  important  subject  of  public  highways.  A 
gentleman,  who  has  travelled  extensively  over  the 
known  world,  said  to  me  some  time  ago  that  he  only 
knew  one  city  in  the  world  that  had  worse  streets  than 
Pittsburgh,  and  that  was  the  city  of  Jerusalem. 

I  am  free  to  say  that  I  do  not  know  any  other  sub¬ 
ject  where  more  power  is  wasted  than  in  the  making 
of  our  streets.  When  I  was  examining  into  this  sub¬ 
ject  in  Great  Britain,  I  found  one  day  a  man  busily 
pinching  up  the  Belgian  blocks  there  in  some  peculiar 
way  with  two  little  pinch  tools.  I  said  to  him,  “  What 
are  you  doing  here,  friend  ?”  “ 1  am  bringing  this  up 

to  grade ;  it  is  three-quarters  of  an  inch  below  grade.” 
In  Pittsburgh  a  man  who  should  make  any  talk  about 
that  would  be  dubbed  a  crank  at  once.  Three-quar¬ 
ters  of  a  yard  is  near  enough  here.  As  a  result  of 
that  I  found  a  very  cheap  kind  of  a  horse,  a  horse 
that  would  not  sell  here  for  more  than  thirty  or  forty 
dollars,  was  hauling  pig  metal  on  the  wharf  in  Liver¬ 
pool.  I  saw  one  load  that  astonished  me  at  its  size.  I 
asked  the  man  how  much  he  had.  Said  he,  “  I  have 
only  two  tons.  It  was  all  there  were  in  the  pile.” 

We  are  making  an  effort  now  to  have  Belgian  blocks, 
but  I  don’t  know  that  they  would  do  much  good,  for 
the  next  week  along  comes  a  gas  company,  and  they 
tear  it  up  and  they  lay  their  pipes,  and  you  see  them 
putting  the  dirt  in,  and  then  a  man  comes  along  and 
rams  it  as  if  he  was  ramming  eggs  and  was  afraid  to 
break  the  dirt,  and  the  consequence  is,  after  the  street 
is  finished,  they  have  to  wheel  away  four  or  live  hun- 
dred  cartloads  that  everybody  knows  should  have  been 
replaced,  because  you  can  put  in  the  same  dirt  into 
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the  hole,  unless  the  pipe  is  very  large,  that  you  lake 
out  of  it,  by  ramming  solidly.  However,  the  re-ult  is 
a  rain  comes  and  softens  the  dirt,  which  sinks,  and 
then  there  is  a  depression  in  the  street,  and  th»*n 
along  comes  a  heavy  wagon  ami  rams  it  down,  ami  by 
and  by  we  wonder  what  is  the  matter  with  the  street. 

Then,  also,  there  is  the  employment  of  prison  laU>r 
in  making  these  highways.  I  do  not  see  the  sense  and 
propriety  of  our  making  a  winter  resilience  for  a  lot 
of  professional  idlers.  I  was  told  to-day,  that,  no  mat¬ 
ter  where  they  are,  a  lot  of  these  fellows,  when  the 
season  of  cold  weather  comes,  drift  into  Allegheny 
county,  steal  some  little  thing,  and  get  sent  up  for 
ninety  days  to  a  fine,  desirable  country  residence, 
when  they  might  just  as  well  be  making  roads. 

Mr.  Brasheak:  You  know  I  have  always  taken 
an  interest  in  the  meetings  of  this  society  since  you 
did  me  the  honor  to  elect  me  a  member.  I  have 
thought  of  several  plans  to  improve  and  interest,  but 
I  can  hardly  agree  with  Col.  Roberts,  though  I  gener¬ 
ally  do  agree  w  ith  him,  in  regard  to  dividing  up  the 
society  into  sections.  And  I  do  it  for  these  reason-: 
In  the  first  place,  it  leaves  me  in  a  bad  place.  I  will 
have  to  be  a  committee  of  one,  if  his  argument  be  true. 
I  find  I  have  had  very  much  more  interest  in  the 
papers  read  here  on  different  engineering  and  me¬ 
chanical  subjects  than  my  own  particular  business,  for 
the  reason  that  I  have  gotten  help,  and  I  can  say  that 
I  have  received  good  from  every  paper  read  here 
since  I  have  become  a  member.  If  a  man  will  watch 
the  little  things  in  life  and  take  advantage  of  what  he 
reads  and  sees  and  hears,  he  will  find  how  much  good 
he  gets  from  them. 

Why,  some  of  the  best  notions  that  have  been  heard 
of  in  the  handling  of  heavy  machinery  have  come 
from  illiterate  men,  Irishmen,  who  have  gone  into  the 
mill  rough-shod,  from,  probably,  the  mast  of  a  ship, 
who  knowr  something  of  the  handling  of  ropes.  If 
you  take  advantage  of  little  things  you  can  get  some 
ideas  from  everybody,  if  thev  have  anv  ideas  at  all. 

I  think  it  is  a  rest  for  engineers  to  come  here  and 
hear  something  that  is  a  little  outside.  But  there  is 
another  idea.  We  must  teach  our  mem!»ers  that  these 
meetings  are  for  their  enjoyment  and  mutual  benefit 
in  a  sort  of  an  outside  way  from  the  mere  reading  of 
papers.  If  we  have  a  good  paper  and  publish  it  we 
can  read  it  and  enjoy  it  afterwards.  It  is  not  for  the 
mere  reading  of  papers  that  I  go  to  the  American 
Society  of  Science;  you  can  get  those  papers  in  the 
journals.  It  is  the  social  intercourse.  We  have  not 
enough  of  that  here.  Why,  when  we  get  full  here  of 
science,  and  full  of  engineering,  and  full  of  mechanics, 
and  full  of  dams,  and  improvements  of  rivers,  and  all 
that,  we  forget  that  we  have  some  of  the  social  ele- 
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ment  in  us  that  wants  to  come  out.  Why,  it  will  make 
us  all  the  better  for  it. 

I  don’t  think  we  have  enough  of  our  social  meet¬ 
ings.  I  would  like  to  come  down  and  shake  hands 
with  our  good  Secretary,  and  have  a  little  chat  with 
him,  or  with  Mr.  Barnes,  or  Prof.  Phillips  here,  who 
are  shut  up  in  the  school  room  or  the  rolling-mill  all 
day.  We  only  plod  and  plod,  and  after  a  while  they 
will  lay  us  down  in  the  grave,  and  we  will  have  had 
none  of  the  social  enjoyment  of  life  that  we  ought  to 
have  had,  and  it  is  our  own  fault ;  and  that  is  one 
benefit  this  society  is  to  us,  this  of  social  intercourse. 

1  do  not  mean  to  chat  about  the  social  affairs  of  life 
always,  but  we  could  chat  about  our  own  particular 
branch  of  business,  for  instance.  I  never  saw  two 
men  of  intellect  meet,  but  what  there  were  some 
pearls  dropped  from  one  or  the  other.  Why,  it  will 
be  a  help  to  us  in  the  progress  of  our  own  work,  and 
we  ought  to  make  this  more  of  a  social  affair,  and 
afterwards,  if  we  want  to  divide  into  sections,  all  right ; 

I  will  say  amen,  like  the  good  old  Methodist.  But  let 
us  get  up  the  social  interest.  Bring  our  ladies  here 
once  in  a  while.  Our  experience  on  our  recent  ex¬ 
cursion  shows  what  a  good  time  we  can  have.  I 
worked  better  for  three  weeks  after  that. 

Mr.  Roberts  :  I  believe  I  stated  all  my  reasons  in 
the  paper  for  suggesting  a  division  of  the  society  into 
sections,  but  I  think  the  members  ought  to  recollect 
that  we  have  about  320  members,  of  whom  probably 
200  are  within  call  within  Western  Pennsylvania,  that 
is,  on  the  railroads  near  the  city.  But  our  average 
attendance,  while  very  large  as  compared  with  other 
societies,  is  only  about  forty.  That  leaves  us  about 
160  members  within  call  to  attend  our  meetings.  The 
suggestion  was  made  with  the  idea  of  extending  the 
scope  of  our  society,  that  a  member  could  find  friends 
at  the  meetings  who  would  be  in  the  same  line  or  pro¬ 
fession,  the  same  line  of  thought,  and  there  would  be 
more  apt  to  come. 

I  feel  like  adopting  one  suggestion  made  by  Mr. 
Harlow,  that  we  have  a  question  box.  I  do  not  know 
how  that  is  done,  but  think  it  would  be  a  good  idea  to 
have  questions  answered  by  members,  and  if  it  was 
understood  by  all  the  members  that  all  questions  or 
technical  subjects  submitted  to  the  Secretary  would  be 
in  turn  submitted  to  the  Society,  it  would  create  a  new 
interest  and  more  members  would  come  to  the  meet¬ 
ings. 

Mr.  Harlow:  The  method  is  this:  The  members 
send  their  questions  to  the  Secretary,  who  puts  them 
all  in  a  box,  and  then  reads  them  at  random  before 
the  meeting.  The  idea  is  to  get  up  a  discussion 
among  the  members  and  not  to  have  the  Secretary 
answer  them.  You  do  not  want  someone  who  will  go 


to  some  library,  but  have  impromptu  answers,  where 
members,  whom  you  can’t  get  to  read  papers,  may 
be  gotten  to  answer  questions.  Another  point  in 
regard  to  our  papers  :  When  this  Society  was  or- 
organized,  I  thought  largely  the  subjects  discussed 
would  be  outside  of  my  particular  interest,  that  they 
would  be  on  the  manufacture  and  manipulation  of 
iron  and  steel,  but  I  have  found  in  watching  the 
papers  for  several  years  that,  while  there  were  a  good 
many  things  in  the  papers  I  did  not  care  specially 
about,  there  was  much  that  interested  me,  and  I  think 
there  are  but  few  of  our  members  who  have  not  had 
the  same  experience. 

Mr.  Barnes:  I  would  venture  this  suggestion, 
whether  more  might  not  be  done  than  is  done  in  the 
discussion  of  the  progress  of  engineering  works  here 
in  Pittsburgh,  in  which  we  are  all  more  or  less  inter¬ 
ested,  schemes  with  which  some  of  the  gentlemen  who 
come  here  are  certainly  familiar,  and  could  give  in 
some  informal  discussion  a  description  of  the  work. 

I  have  in  mind  at  this  moment  three  schemes,  none 
of  which  are  of  vital  importance,  perhaps,  but  con¬ 
cerning  which  I  should  like  myself  some  description. 
One  of  these  is  this  Baltimore  and  Ohio  railroad  sta¬ 
tion  scheme.  I  go  back  and  fortli  daily  over  the 
Smithfield  street  bridge,  and  it  is  of  interest  to  me. 
Another  is  the  filtering  well  that  they  are  going  to  dig 
at  the  old  South  Side  water  works,  at  the  foot  of  Thir¬ 
tieth  street.  They  are  making  an  expensive  excava¬ 
tion  there,  and  I  would  like  to  know  something  about 
the  plan,  the  cost,  and  all  about  it. 

One  other,  which  is  a  little  more  directly  in  my 
line,  is  the  benefits  to  be  derived,  and  the  objections, 
pro  and  con,  relative  to  the  use  of  stacks  at  Laughlins 
&  Co.’s  coke  ovens  for  distributing  into  the  atmosphere 
the  smoke  from  the  ovens.  I  am  told  that  the  benefit 
is  so  great  that  the  citizens  who  live  on  the  hill,  just 
above  the  ovens,  pray  for  Laughlins  &  Co.  every  night. 

Now,  there  are  other  engineering  schemes  which 
will  present  themselves  to  you  gentlemen  here,  and  I 
think  that  a  description,  informal  it  may  be,  would  be 
of  use  to  us. 

Mr.  Brashear  then  gave  the  following  statement  in 
reference  to  the  pedestal  of  the 

LICK  TELESCOPE, 
now  being  erected  in  California: 

Mr.  Brashear:  Through  the  kindness  of  Messrs. 
Warner  &  Swasey  I  was  invited  to  go  to  Cleveland  to 
inspect  the  mounting  of  the  great  Lick  telescope. 
They  expect  to  have  the  work  completed  by  the  mid¬ 
dle  of  October.  It  is  not  only  a  fine  astronomical 
piece  of  work,  but  it  is  a  splendid  specimen  of  en¬ 
gineering  work. 
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The  whole  telescope  will  weigh  about  thirty  tons. 
The  tube  is  being  constructed  of  steel  made  in  Pitts¬ 
burgh.  It  will  be  about  fifty  feet  long,  and  in  the 
center  will  be  four  feet  in  diameter.  At  the  upper  etui 
it  will  be  thirty-six  inches  and  at  the  lower  end  about 
thirty-two  inches  in  diameter.  On  the  lower  end  of 
the  telescope  arrangements  are  being  made,  different 
from  any  ever  constructed  before.  If  1  had  thought 
of  it,  I  might  have  brought  the  drawings  with  me.  It 
is  so  arranged  that  a  sleeve  on  the  lower  end  of  the 
tube  rotates  so  as  to  be  in  perfect  control  of  the  ob¬ 
server;  to  this  is  attached  the  hand-wheels  bv  which 
he  can  make  the  necessary  movements  without  taking 
his  eye  from  the  eye  piece.  He  can  make  every 
movement  necessary;  can  read  every  circle,  in  fact, 
everything  he  wants  to  do,  without  going  away  from 
his  comfortable  chair  or  observing  stand.  This  has  all 
been  arranged  by  the  manufacturers,  who  are  shrewd 
Yankees,  as  well  as  first-class  engineers. 

Besides  this,  there  is  an  arrangement  for  the  assist¬ 
ant,  who  can  control  every  movement  of  the  telescope 
without  the  intervention  of  the  observer  himself,  so 
that  the  observer  can  go  ahead  with  his  observations, 
simplv  indicating  to  his  assistant  to  move  so  and  so. 
Everv  desirable  movement  is  brought  through  the 
axis  of  the  telescope. 

The  tube  is  made  in  sections,  commencing  in  the  cen¬ 
ter  with  steel  T3g  inch  thick  and  reduced  to  about  l  inch 
at  the  ends.  The  center  section  is  of  cast  iron,  ribbed 
to  insure  stiffness.  The  steel  sections  are  put  together 
on  rings  of  cast  iron,  which  are  mounted  on  a  long 
shaft.  These  rings  form  a  truncated  cone  of  the  cor¬ 
rect  shape,  and  when  the  section  is  secured  on  these 
“spider  rings,”  they  are  drilled  in  situ ,  and  are  then 
riveted  with  hot  rivets.  The  sections  will  be  joined 
together  by  steel  flanges  riveted  to  the  ends,  and  faced 
off  in  the  lathe.  The  question  of  Hexure  of  this  tube 
is  a  very  important  factor  to  deal  with.  The  construc¬ 
tors  have  calculated  it,  but  whether  their  calculations 
and  the  homogeneity  of  the  steel  will  come  out  to  the 
same  factor  is  a  question  that  remains  to  be  actually 
tried  and  solved. 

Warner  &  Swasey  are  now’  working  on  the  last  piece 
of  the  pedestal.  Every  section  of  it  is  made,  and  the 
whole  stand  bears  some  resemblance  to  the  great  Cor¬ 
liss  engine.  The  moving  parts  are  so  completely  bal¬ 
anced  that  a  touch  of  the  finger  will  move  that  mass 
of  weight  with  a  beautiful  motion  only  to  be  seen  in 
these  finely  balanced  astronomical  instruments. 


W  E8TERN  PEN  NSYLVA  N I A . 

It  has  been  a  serious  question,  this  of  Hup|»orilng 
such  large  telescopes  in  order  to  make  them  move  with 
equal  regularity  and  ease  in  all  parts  of  the  circle. 
One  party,  A.  A.  Common,  Ealing,  England,  has 
mounted  the  polar  axis  of  his  instrument  in  mercury, 
and  finds  it  gives  a  beautiful  motion,  but  Warner  At 
Swasev  have  gone  back  to  the  old  svstem  (and  vet 
they  have  made  it  a  new  system)  of  mounting  the 
polar  axis  on  steel  balls,  and  so  delicate  is  this  mount¬ 
ing  that  a  little  touch  will  cause  the  instrument  to 
rotate  with  ease.  They  have  everything  beautifully 
arranged,  so  nicely,  indeed,  that  a  simple  touch  of  the 
finger,  or  turn  of  a  w  heel,  moves  everything  that  ought 
%to  be  moved,  independent  of  the  driving  clock,  which 
in  itself  is  a  beautiful  piece  of  work. 

Mr.  Brashear  then  ma  le  a  few  remarks  regarding 
the  proposed  measurement  of  wave  lengths  of  light  to 
obtain  a  proper  standard  for  all  other  measurements. 
He  said  he  had  been  applied  to  by  Prof.  Michaelson 
(who  has  measured  the  wave  lengths  and  velocity  of 
light  more  accurately  than  anv  other  man  in  the 
world)  for  some  surfaces,  which  he  had  described  at 
the  last  meeting. 

The  present  standard  of  measure,  which  dates  back 
to  the  old  barleycorn,  or  a  quadrant  of  the  earth's 
circumference,  is  a  wrong  standard.  Instead  of  a 
standard  that  can  be  burned  up  or  destroyed,  Prof. 
Michaelson  proposed  to  take  a  wave  length  of  light 
and  make  it  the  basis  of  our  standard.  The  error  in 
this  measurement  has  heretofore  been  brought  to  a 
minimum  of  one  part  in  two  hundred  thousand,  but 
now  they  have  reduced  it  to  one  part  in  five,  or,  pos¬ 
sibly,  ten  million,  so  you  can  get  some  idea  of  the 
nearness  to  which  Prof.  Michaelson  has  arrived.  He 
proposes  to  take  the  value  which  he  thus  obtains,  and 
rule  it  with  a  diamond  point  right  on  a  bar,  so  we  can 
take  the  bar  and  use  it  as  a  standard  of  measurement, 
and  then,  no  matter  whether  that  standard  bar  be  de¬ 
stroyed  or  not,  we  have  the  wave  lengths  as  a  constant 
measure,  which  are  an  invariable  standard,  unless, 
perchance,  there  should  be  some  change  in  the  density 
of  the  ether  in  space,  a  consideration  hardly  worth 
discussion. 

From  the  foregoing,  added  Mr.  Brashear,  you  can 
see  how  near  we  are  approaching  the  border  line  of 
the  infinite. 

On  motion,  society  adjourned. 

S.  M.  Wick rush  am. 

•Secretary. 
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Society  met  XoVember  IStli,  18S7,  at  8  o  clock,  1*.  M.  Present,  forty  eight  member'  ami  -i\  visitors.  Pre-ident 
Dempster  in  the  chair,  Vice  President  Itrashcar  assisting.  Messrs.  A.  II.  Knroer,  of  Allegheny;  P.  Kirkland,  of  W.  P. 
H.  K. ;  Thos.  Dobson,  of  W.  P.  It.  It.,  and  F.  M.  Ilopke,  of  Linden  Steel  Co.,  were  duly  elected  members. 


The  discussion  of  Mr.  Ramsey’s  paper  was  contin¬ 
ued,  viz.: 

Mr.  Buchanan — Mr.  Ramsey  has  prepared  his 
paper  in  a  very  careful  manner;  in  such  a  manner 
that  it  is  pretty  hard  to  question  his  statements.  He 
has  said  nothing,  however,  that  is  particularly  new  to 
engineers  who  have  been  looking  into  the  matter  for 
several  years.  The  greater  part  of  the  experiments 
he  outlines  were  made  at  the  instance  of  the  engineers 
of  the  St.  Louis  bridge,  during  the  building  of  that 
structure,  and  I  understand  no  alarming  results  were 
obtained.  Some  engineers  have  embodied  the  tem¬ 
perature  tests  in  their  specifications  for  six  or  seven 
years,  to  my  recollection,  and  I  do  not  know  how  much 
longer.  (See  Table,  page  106.) 

In  the  twenty  tests  here  tabulated  an  eflbrt  was 
made  to  break  the  specimens  as  rapidly  as  could  be 
done  without  impact,  to  ascertain  whether  a  shorten¬ 
ing  of  the  duration  of  test  would  alter  the  results  ob¬ 
tained  by  Mr.  Ramsey.  The  only  variation  observed 
was  that  specimen  which  was  still  at  a  low  temperature 
at  point  of  fracture  when  it  failed.  The  appearance 
of  fractures,  strength  and  ductility  showed  no  percep¬ 
tible  variation  from  results  obtained  in  every-day 
practice,  except  that  the  strength  per  square  inch  was 
somewhat  greater  in  the  specimens  broken  at  a  low 
temperature. 

The  bars  nicked  and  broken  transversely  under  the 
hammer  gave  a  variety  of  fractures,  as  noted  in  the 
table,  but  in  no  case  did  the  fracture  occur  suddenly, 
or  with  indications  of  brittleness 

In  preparing  specimens,  two  pieces  were  cut  from 
one  end  of  a  bar  and  marked  1A  and  IB,  2 A  and 
2B,  &c.  From  one  side  of  each  of  these  specimens  a 
strip  was  cut  for  tension  test,  and  the  remaining  part 
used  in  the  transverse  tests,  so  the  four  tests  having 
the  same  number  are  all  from  the  same  bar  of  iron. 

Some  transverse  impact  tests  lately  made  of  iron 
carefully  manufactured  from  specially  selected  stock, 
gave  uniformly  good  fractures,  both  at  h*w  and  nor¬ 
mal  temperatures,  and  duplicates  have  been  laid  aside 
for  further  tests  at  a  time  when  the  temperature  may 
be  lowered  naturally. 


Mr.  Roberts— It  is  surprising,  at  this  late  |**ri«*l, 
we  might  almost  say  the  jieriod  which  marks  the  end  of 
the  iron  and  the  inauguration  of  the  steel  age,  that 
there  should  remain  any  doubts  as  to  whether  freezing 
weather  makes  iron  more  brittle  than  it  is  at  a  normal 
temperature;  vet  the  statements  of  Messrs.  Ramsey 
and  Hunt,  at  our  last  meeting,  tend  decidedly  to  dis¬ 
turb  the  general  conviction,  which  is  opposed  to  their 
view. 

When  I  say  the  general  conviction,  1  refer  to  the 
opinions  of  metallurgical  experts  and  their  followers 
among  engineers  and  manufacturers.  As  for  popular 
opinion,  I  believe  it  is,  on  this  subject,  voiced  exactly 
bv  Mr.  Ramsev’s  axeman,  who  warms  his  axe  on  a 
frosty  dav ;  although  on  this  score  I  have  heard  lum- 
bermen  say  that  they  broke  more  axes  in  winter  lie- 
cause  the  wood  was  full  of  frost.  In  Clarion  county, 
Pa.,  one  winter,  when  the  thermometer  was  twenty 
degrees  below  zero,  I  have  seen  hickory  saplings  bro¬ 
ken  short  off  by  a  sudden  blow. 

I  think  I  am  correct,  also,  in  saying  that  even  en¬ 
gineers,  a  quarter  of  a  century  ago,  partook  of  the  pop- 
ular  belief  that  iron  is  more  brittle  in  cold  than  in 
warm  weather.  We  sometimes  change  our  minds  in 
regard  to  matters  of  fact  so  gradually,  by  observation 
and  experience,  that  we  cannot,  when  called  ii|»on  in 
later  years,  recall  all  the  reasons  which  brought  about 
the  change  of  views.  This  is  especially  the  case,  I 
have  no  doubt,  in  facts  of  this  nature  when  informa¬ 
tion  is  not  obtained  by  the  individual  from  original 
research. 

1  regard  the  question  ns  one  of  the  greatest  import- 
ance,  and  I  believe  our  Society  in  this  great  center  of 
iron  industry  is  in  duty  bound  to  set  it  at  rest.  If  1 
mistake  not,  there  have  been  other  series  of  exjicri- 
ments,  possibly  some  by  the  United  States  Government 
Commission,  which  lead  to  conclusions  the  reverse  of 
those  reached  by  Mr.  Ramsey,  and  1  shall  hold  my 
opinion  in  abeyance  until  I  have  time  to  look  them 
up,  or  until  Messrs.  Ramsey  and  Hunt  Hood  the  field 
with  unmistakable  evidence  of  the  correctness  of  their 
position.  They  should  be  allowed  ample  time  and  Ik* 


properiv  supported  nr  ure  -experiments  which  me> 

will,  I  hope,  conduct.* 

In  one  of  Mr.  Ramsey's  minor  conclusions,  viz.,  that 
cold  increases  the  tensile  strength  of  iron,  which  be¬ 
lief,  he  says,  was  “supported  by  the  tests  for  tensile 
strength  in  the  testing  machine,”  I  can  refer  him  to 
experiments  made  as  long  ago  as  1860,  which  lead  to 
an  opposite  belief.  I  quote  now  from  the  Annual  of 
Scientific  Discovery  for  18G3  (experiments  by  Mr. 
Kirkaldy),  page  157 : 

“A  bar  of  Glasgow  best  bar  iron,  of  three-fourths  of 
an  inch  diameter,  was  forged  into  ten  bolts,  and  six  of 
them  were  exposed  all  night  to  intense  irost  in  the 
month  of  December,  1860,  then  tested  the  next  morn- 
inf'1  when  the  thermometer  stood  at  twent\  -three  de- 
grees  Fall.  The  other  four  bolts  were  kept  warm  all 
night  and  protected  during  testing.  Three  of  the 
bolts  were  tested  with  gradual,  and  seven  of  them  with 
sudden  strains.  With  gradual  strains  the  bolts  ex¬ 
posed  to  frost  gave  way  with  54.385  pounds’  strain. 
The  unfrozen  bolts  stood  a  strain  of  55.717  pounds.  A 
difference  of  2.3  per  cent  in  favor  of  the  latter.  When 
submitted  to  sudden  strains  the  difference  was  3.6  per 
cent,  in  favor  of  the  unfrozen  bolts.” 

Mr.  Kirkaldy’s  experiments  were  not  numerous,  it 
is  true,  but  care  seems  to  have  been  exercised  to  have 
the  samples  from  the  same  bar.  I  would  understand 
that  the  forging  spoken  of  had  been  done  before  the 
bar  was  cut.  The  experiments  appear  to  be  incon¬ 
clusive,  just  as  they  ought  to  be  according  to  my  pres¬ 
ent  view,  but  show  enough  to  raise  a  conflict  with  Mr. 
Ramsey.  If  the  tensile  strength  of  iron  is  increased 
by  cold  there  must  be  a  rule  found  for  it.f  This  is  in 
line  with  a  portion  of  Mr.  Ramsey’s  theories,  or 
rather,  1  should  say,  deductions,  for  Mr.  Ramsey  has 
not  presented  himself  as  a  theorist  on  this  question, 
rather,  on  the  contrary,  dealing  with  uncomfortable 
statements — “frozen  facts”  he  doubtless  considers 
them.  So,  at  present,  I  have  nothing  to  say  in  regard 
to  his  experiments,  except  to  admit  that  his  specimens 
of  ruptured  bars  have  fully  as  ugly  an  appearance  as 

*1  can  refer  now  on  this  point  only  to  a  statement  in  En¬ 
gineering,  F<  bruary  lath,  188  \  summarizing  the  result  of 
Mr.  We  ster’s  experiments  in  England,  as  follows: 

“  When  bars  of  wrought  iron  or  steel,  malleable  cast-iVon 
and  common  cast-iron  were  subjected  to  impact  at  a  tem¬ 
perature  of  live  degrees  Fahr.,  the  force  required  to  break 
them  and  the  extent  of  their  flexibility  were  reduced  as 
follows : 


Reduction  of 
Force  Impac. 
Per  Cent. 

Reduction  of 
Flexibility. 
Per  Cent. 

Wrought  Iron, 

3 

18 

Rest  Cast-steel, 

17 

Malleable  Cast-iron, 

4X 

15 

Cast-iron, 

21 

Xot  taken. 

The  behavior  of  the  cast-iron  seems  remarkable.  I  can 
see  no  reason  for  it  becoming  relatively  more  brittle  than 
the  others.  It  is  to  be  admitted  that  the  statement  is 
worthy  of  serious  consideration.  T.  P.  R. 

fAccording  to  experiments  conducted  by  Mr.  Kallmann 
during  1877  and  1878,  at  the  Oberhauser  Works,  there  was 
no  difference  in  the  tensile  strength  in  the  case  of  either 
flbr  ms,  line  grained  i  on  or  steel  between  the  freezing  and 
boiling  point  of  water.  Above  6''0  degrees  temperature 
there  was  a  marked  falling  off  in  their  strength.  (See  En¬ 
gineering  July  30th,  18S0. 1  It  is  proper  to  note  that  the  ex¬ 
periments  were  not  tried  quite  so  low  as  the  freezing  point. 
The  greatest  strength,  viz.,  100,  was  assumed  at  that  point 
as  the  base  of  the  scale,  and  it  was  still  100  at  212  degrees 
for  all  of  them.  T.  P.  R. 
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hey  are  stated  bv  him  to  have.  We  must  “explain 
them  away,”  if  it  takes  all  winter,  otherwise  I  fear 
Mr.  Lindenthal’s  next  bridge  will  be  a  hemp  rope  sus¬ 
pension.  Hut  I  think  Mr.  Ramsey  is  vulnerable  in 
his  theories,  and  it  will  be  some  satisfaction  to  catch 
him  up  on  some  of  them, 'even  if  his  points  are  estab¬ 
lished.  Thus  he  says,  “  Iron  at  seventy  degrees  is  hard  ; 
reduce  the  temperature  lUO,  or  to  minus  thirty  de¬ 
grees,  and  why  should  it  not  become  harder  and  more 
rigid?  As  the  fluid  iron  has  changed  into  a  solid 
librous  material  by  reducing  the  temperature,  why 
should  not  a  further  reduction  of  temperature  change 
the  fibrous  to  a  crystalline  structure?” 

I  have  no  doubt  that  iron  becomes  harder  by  the 
reduction  of  temperature.  It  contracts  with  cold,  and 
suppose  we  could  create  a  degree  of  cold  sufficient  to 
cause  a  cubic  foot  of  it  to  shrink  to  a  half  a  cubic  foot 
volume;  it  ought  to  be  then  twice  as  hard,  because  its 
density  has  been  doubled.  Hut  to  say  that  such  a  sur¬ 
prising  result,  as  a  change  from  fibrous  to  granular, 
can  take  place  in  the  organic  structure  of  wrought 
iron  in  so  short  a  distance  of  its  temperature  scale, 
as  Mr.  Ramsey  speaks  of,  is  beyond  my  conception. 
The  fuzing  point  of  iron  is  2,900  degrees  F.;  that,  in 
a  sense,  corresponds  to  the  melting  point  of  ice,  and 
great  and  wonderful  are  the  changes  which  take  place 
at  the  point  where  any  sol  it!  melts  Above  that  they 
are  liquids  until  they  reach  the  point  of  sublimation. 
Iron,  it  is  true,  becomes  incandescent  before  it  reaches 
the  melting  point.  We  may  take  bars  of  pure  iron  in 
any  part  of  the  scale  below  the  welding  point  down  to 
freezing  of  water  (or  far  below,  for  that  matter,  I 
think),  and  find  the  structure  fibrous  in  all  cases. 
Heated  to  redness  and  plunged  into  cold  water,  mak¬ 
ing  a  sudden  change  of  2,000  or  more  degrees,  does 
not  effect  any  perceptible  change  in  the  molecular  ar¬ 
rangement  of  the  particle  of  which  it  is  composed. 
Why,  then,  should  a  change  of  100  degree?,  or,  as  Mr. 
Ramsey’s  tables  in  some  places  show,  of  only  forty  de¬ 
grees,  somewhat  farther  down  in  the  temperature 
scale,  develop  such  a  metamorphosis?  Unfortunately 
we  cannot  look  into  the  inside  of  a  bar  of  iron  to  sat¬ 
isfy  ourselves  in  regard  to  these  questions,  but  I  can 
see  no  reason  for  fibrous  iron  becoming  granular  in 
the  particular  part  of  its  temperature  scale  correspond¬ 
ing  to  the  freezing  point  of  water.  I  do  not  perceive 
the  analogy  between  the  substances,  iron  and  water, 
though,  possibly,  there  is  some  mysterious  arrange¬ 
ment  in  which  water,  or  its  vapor,  plays  an  important 
part,  il  such  changes  actually  occur. 

So  tar  as  I  know,  the  contraction  of  iron  proceeds 
by  the  ascertained  rule  past  the  freezing  point  of  water 
without  exhibiting  any  peculiarity  of  movement  indi¬ 
cating  that  crystallization  was  taking  place  at  any 
particular  moment.  Water,  in  freezing,  differs  from 


all  other  liquids  in  ceasing  to  contract  several  degree* 
(five  degrees)  above  the  |s>int  at  which  it  becom*-* 
solid.  At  the  moment  it  freezes  it  suddenly  expand- 
one-twelfth  in  volume,  reaching  the  volume  it  previ¬ 
ously  occupied  at  a  tem|*erature  of  forty -eight  decree*. 
This  remarkable  and  sudden  expansion  develop-  a 
force  which  is  competent  to  break  up  or  disintegrate 
any  material  which  opposes  itself  to  its  power. 

Referring  to  crystallization,  generally,  Stockhardt, 
in  his  Principles  of  Chemistry,  says:  “Thus,  in  inani 
mate  nature,  a  mysterious  power  exists,  similar  to  that 
which  compels  bees  to  construct  their  six-cornered 
cells,  and  the  |»otato  to  produce  its  five-angled  corolla, 
and  five  stamens,  and  by  which  the  smallest  particles 
of  bodies,  called  atoms,  are  forced  to  arrange  them¬ 
selves  in  a  fixed  order  assuming  a  regular  sha|»e.  Hut 
this  can  only  be  accomplished  by  a  body  in  its  fluid  or  (t  ri¬ 
form  state,  since  a  free  motion  of  the  atoms  i a  essen¬ 
tial.”  He  says  crystals  may  be  formed  in  only  three 
ways.  1st  From  a  solution,  either  by  cooling  or  by 
evaluation,  as  saltpetre,  for  instance.  2 d.  From  a 
molten  fluid  by  congelation,  as  in  the  case  of  -ulpliur. 
3 d.  From  vaj>or  when  it  becomes  solid,  as  snow  and 
iodine.  If  it  can  now  be  shown  that  cold,  solid,  fibrous 
iron  becomes  crystalline  in  structure  during  its  pas- 
age  past  the  freezing  point  of  water,  our  ideas  of  the 
rules  governing  crystallization  arc  revolutionize*!. 

The  fibre  in  wrought  iron  is,  no  doubt,  imparted  to 
it  in  a  manner  somewhat  analogous  to  that  given  to 
taflv,  which  receives  its  “grain”  from  “  pulling.”  The 
iron  is  worked  in  the  puddling  furnace  until  all,  or 
nearly  all,  the  carbon  left  from  the  pig  metal  is  burnt 
out.  It  is  stirred  through  and  through  many  times  by 
the  puddler’s  bar,  and  emerges  from  the  furnace  a 
striated  plastic  mass.  The  after  piling,  rolling,  etc., 
may  add  more  fibres  and  lengthen  those  given  it  by 
the  puddler. 

Often,  in  bars  which  have  been  broken,  we  can  -ee 
flakes  ot  cinder,  which  have  l>een  lengthened  and 
widened  by  rolling,  separating  layers  of  fibrous  iron. 
It  occurs  to  me  that  foreign  substances,  such  a-  this, 
would  be  greatly  disturbed  by  crystallization,  and  the 
appearance  of  such  foreign  substance  in  iron  might 
furnish  an  index  to  any  molecular  disturbance  which 
changes  of  temj>erature  might  have  produced,  particu¬ 
larly  if  the  operation  was  alternately  repeated  a  num¬ 
ber  of  times. 

There  is  another  point  to  which  1  ask  attention. 
Judging  from  some  samples  of  bars  I  recently  had 
broken,  there  is  iron  sold  in  this  city  as  “the  best  Jun¬ 
iata”  which  is  very  irregular  in  texture  in  the  same 
bar.  It  may  be  equally  strong  in  different  part-,  ns  re¬ 
gards  tensile  strength,  but  it  is  certainly  unequal  as 
regards  strength  to  resist  sudden  impact  in  different 
parts  of  the  same  bar.  Thus,  a  sample  of  a  bar  1 


168 


ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA. 


inches  in  diameter,  which  I  exhibit,  shows  at  one  end 
about  half  crystalline  and  half  fibrous  grain,  while 
only  two  inches  away  it  is  about  90  per  cent,  crystal¬ 
line  and  10  per  cent,  fibrous.  The  different  rods  of 
the  same  brand  appeared  to  be  equally  irregular  in 
this  respect.  I  can  account  for  this  only  on  the  theory 
that  the  original  balls  from  which  they  were  made 
were  either  not  worked  enough,  or  worked  too  much 
in  one  direction.  The  puddler’s  “striations,”  we  might 
say,  were  vertical,  and  it  was  rolled,  or  first  flattened, 
or  so  as  to  separate  the  fibres  and  lengthen  the  areas 
of  granular  structure.  Several  similar  rods  of  another 
brand  of  wrought  iron,  a  specimen  of  which  I  present, 
showing  less  than  10  per  cent,  of  granular  structure, 
were  broken  in  handling  by  being  dropped  on  a  wall; 
this,  too,  during  warm  weather.  Unfortunately,  1 
could  not  find  the  rods  which  had  been  thus  broken, 
but,  no  doubt,  they  were  highly  crystalline  at  the 
points  of  rupture.  I  am  tempted  to  believe  that  with 
the  improvement  in  steel  manufacture  the  iron  men 
are  growing  careless  in  their  puddling.  At  all  events, 
1  think  great  caution  should  be  exercised  in  the  choice 
of  bars  for  future  experiments  which  are  to  go  on 
record  in  this  discussion. 

Mr.  Reese  :  When  vou  talk  about  crystalline  and 
fibrous  structures,  that  is  a  different  thing  entirely. 
The  fibre  in  iron,  my  friends,  is  caused  in  this  way. 
There  is  no  fibre  in  iron  per  se.  There  is  more  fibre 
in  puddled  iron  than  in  any  other  form.  I  find  that 
it  is  more  uniformly  fibrous.  The  reason  of  that  is 
that  the  silicon  comes  out  first  and  then  the  carbon 
comes  out  and  the  iron  assumes  a  condition  like 
flakes  of  snow  floating  from  the  clouds  above.  They 
go  floating  around  in  the  furnace,  one  or  two  at  the 
start,  then  in  myriads  until  they  get  so  thick  there 
that  they  will  interlock  each  other  until  they  form 
that  mass  which  is  like  a  sponge,  and  we  turn  them 
over  so  that  all  sides  may  obtain  equal  working,  so  as 
to  oxvdize  the  carbon  and  bring  the  iron  to  nature. 
When  we  get  that  all  right  we  have  to  take  care  to 
form  it  in  four  or  five  balls,  for  if  not  it  would  stick  so 
as  to  be  difficult  to  get  in  proper  shape.  We  keep 
turning  these  over  and  over  ;  we  oxydize  a  part  of  the 
iron,  the  oxide  runs  over  and  coats  it,  and  then  we 
squeeze  these  particles  all  together  and  the  interstices 
become  filled  with  this  oxide.  Now,  when  they  get  to 
rolling  that  out  into  the  bar  they  draw  the  iron  out. 
We  find  there  is  a  streak  of  ir6n  and  then  a  streak  of 
oxide  that  covers  it  and  then  another  piece  of  iron, 
and  the  bar  is  in  reality  the  oxideand  the  iron  welded 
together.  When  the  iron  is  well  oxydized  it  will 
show  good  fibre,  and  when  the  oxide  is  absent  the 
fracture  will  be  granular. 

Mr.  Koch  :  I  will  be  very  happy  to  continue  this 
discussion,  but  it  compels  me  to  go  back  many  years, 


for  it  is  a  long  time  since  I  had  anything  to  do  with 
iron,  probably  fifteen  years.  It  was  in  the  early  days 
of  steel  and  we  were  suffering  terribly  from  the  at¬ 
tacks  of  the  iron  men,  and  there  was  considerable  dis¬ 
cussion  on  the  structure  of  iron  and  steel. 

I  remember  one  experiment  that  may  throw  a  little 
light  on  this  question.  You  know  the  climate  of  Eng¬ 
land  is  peculiar.  In  the  winter  season,  during  a  rain 
storm,  it  is  as  likely  as  not  to  turn  cold  suddenly  so  that 
you  will  not  have  time  to  get  your  umbrella  down  before 
it  is  frozen  stiff.  When  that  happens  it  plays  the  very 
mischief  with  iron  structures,  especially  if  unpainted. 
W  e  made  some  very  curious  experiments.  We  got  some 
good  fibrous  iron  bars  unpainted,  and  put  them  in  salt 
water  ;  then  we  took  them  out  and  gave  them  a  good 
washing,  and  then  left  them  in  fresh  water,  and  then 
we  froze  them,  and  finally  on  investigation  it  was 
found  that  the  iron  by  this  process  had  lost  its  round¬ 
ness.  And  what  made  it  happen?  Iron  being 
fibrous,  and  there  being  room  between  the  fibres,  not 
being  a  homogeneous  material,  like  steel,  the  water 
penetrated  between  the  fibres,  and  being  frozen  there 
it  had  the  effect  of  changing  the  condition  of  the  bar 
so  far  as  its  shape  was  concerned.  We  put  the  bar 
in  the  microscope,  and  after  being  treated  in  this  way 
we  could  see  the  interstices. 

To  make  the  experiment  more  exact,  we  took  hypo¬ 
sulphite  of  soda  and  treated  the  iron  with  this  solu¬ 
tion.  The  iron  was  left  there  for  about  six  or  seven 
months  and  then  it  was  taken  out,  sliced  and  put  in  the 
polariscope,  and  we  were  astonished  to  see  the  effect 
produced  by  this  treatment.  You  would  be  astonished 
to  see  how  perfectly  iron  can  absorb  materials  in  solu¬ 
tions  of  this  kind.  This  can  be  remedied  to  a  large 
extent,  however,  in  the  case  of  structural  materials,  as 
well  as  others,  by  keeping  them  well  painted. 

In  the  matter  of  steel.  We  did  not  make  as  good 
steel  fifteen  years  ago  as  we  do  now.  We  were  verv 
unhappy  to  find  that  we  got  some  very  open  crys¬ 
talline  structures  in  steel.  I  have  tried  it  since,  how¬ 
ever,  and  am  glad  to  say  we  have  improved  so  far  that 
I  do  not  get  any  such  open  crystalline  structures. 
But  I  think  the  occurrence  of  crystalline  and  fibrous 
structures  in  the  same  piece  is  not  so  uncommon  as 
people  imagine.  You  can  see  the  same  thing  in  ice. 
I  remember  Prof.  Tyndall  showing  me  on  one  occasion 
a  piece  of  ice  that  had  a  crystalline  structure  in  one 
place  and  a  fibrous  in  another.  When  I  asked  him 
how  he  accounted  for  it,  he  replied  that  he  could  not 
account  for  it. 

However,  the  result  of  our  experiments  in  the  ab¬ 
sorption  of  water  by  iron  and  its  freezing  may  account 
for  some  of  the  things  which  we  are  now  unable  to 
explain.  What  I  tell  you  is  very  old,  for  when  I  talk 
about  iron  it  is  to  me  like  going  to  a  Pullman  car  of- 
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fice  and  asking  for  a  seat  in  a  stage  coach  to  Phila¬ 
delphia. 

Prof.  Phillips:  It  seems  to  me  in  this  connection 
it  might  be  said  that,  a  priori ,  we  could  conclude  that 
changes  of  temperature  would  have  some  such  e fleet 
as  stated  in  iron.  There  are  so  many  cases  well  known 
where  slight  changes  of  temperature  have  produced 
great  changes  in  the  physical  qualities  of  bodies,  and  it 
might  almost  be  considered  to  be  the  exception  to  find 
this  not  to  be  the  case.  I  may  mention  a  few  of  these. 
We  might  cite,  for  instance,  arsenic.  Metallic  arsenic 
condenses  in  two  perfectly  distinct  forms,  one  a  soft 
black  powder;  the  other  is  a  brittle  crystalline  sub¬ 
stance,  intensely  hard  and  difficult  to  break  in  a  mortar  ; 
whether  arsenic  assumes  one  (orm  or  the  other,  de¬ 
pends  wholly  on  the  temperature.  The  metal  anti¬ 
mony  is  another.  I  have  two  beautiful  specimens, 
one  silver  white,  not  at  all  like  the  commercial  anti¬ 
mony,  and  the  other  is  a  dark  grayish  brown  metal. 
These  are  the  natural  surfaces,  and  are  very  brilliantly 
lustrous.  They  are  quite  different,  especially  in  the 
matter  of  brittleness. 

The  same  thing  is  true  of  carbon,  as  everybody 
knows.  By  heating,  the  diamond  is  converted  into  a 
substance  like  coke.  Heat  causes  the  most  wonderful 
change  in  the  hardness  and  brittleness  of  metals.  The 
metal  zinc  is  subject  to  such  changes  as  these;  zinc 
can  only  be  rolled  at  a  heat  of  100  over  the  boiling 
point  of  water. 

Mr.  Brashear:  I  wish  to  make  a  remark  in  rela¬ 
tion  to  one  point  Prof.  Phillips  spoke  of,  which  was 
also  brought  out  in  the  remarks  of  Mr.  Reese.  Prof. 
Phillips  remarked  that  there  were  certain  anomalies 
in  crystalline  structures,  but  notwithstanding  this 
there  was  a  correlation  existing,  that,  if  understood, 
would  help  us  to  unravel  some  of  the  mysteries  sur¬ 
rounding  the  structure  of  iron  and  steel.  Mr.  Reese 
remarked  that  it  would  be  a  good  thing  if  we  could 
see  inside  of  iron.  I  have  made  a  great  many  studies 
of  iron  and  steel  in  years  that  are  past,  and  from  mv 
knowledge  gained  in  the  new  pursuit  that  you  know 
I  now  follow,  I  am  confident  that  many  of  the  char¬ 
acteristics  of  glass  have  a  close  correlation  in  iron, 
steel,  or  perhaps  any  crystalline  structure.  It  would 
be  an  unfortunate  thing  for  the  optician  if  he  did  not 
know  the  internal  condition  of  the  piece  of  glass  that 
he  wanted  to  work  into  a  lens.  It  may  seem  curious 
to  many  persons  not  versed  in  optical  science,  but  it  i 
an  absolute  necessity  that  the  optician  should  be  able 
to  tell  upon  an  examination  whether  the  atoms  or 
molecules  of  his  glass  were  in  a  normal  condition  or 
not.  Suppose,  for  instance,  that  my  glass  is  perfectly 
clear,  that  it  has  the  proper  specific  gravity,  that  it  is 
free  from  stria*  and  cords,  and  suppose  that  1  know  all 
these  facts,  am  l  now  to  say  that  the  glass  is  in  con¬ 


dition  to  make  into  a  lens ?  Certainly  not.  I  must 
know  that  my  glass  is  well  annealed,  that  is.  that  the 
glass  has  Iteen  bo  slowly  cooled  that  the  molecule* 
have  been  allowed  abundant  time  to  fall  into  such  a 
condition  or  position  in  which  one  shall  not  Ik*  pulling 
abnormally  u|M>n  another.  After  all,  this  is  the  simple 
explanation  of  annealing,  either  in  glass  or  metal. 
Fortunately,  we  have  a  means  by  which  we  can  at 
once  tell  what  the  condition  of  our  glass  is.  Bv  pass¬ 
ing  a  beam  of  polarized  light  through  it,  the  ell*-*  t 
upon  this  beam  as  it  comes  into  the  human  eye  is  such 
that  its  conditions  are  not  altered  if  the  annealing  i- 
perfect,  but  if,  in  the  structure  of  the  glass,  there  are 
places  where  a  strain  has  occurred,  it  will  deflect  this 
beam  of  polarized  light,  and  as  a  consequence  produce 
changes  that  are  instantly  recognized  even  by  the  un¬ 
practised  eye.  A  glass  manufacturer  once  said  to  me, 
“  I  wish  I  could  tell  when  my  glass  i-  perfectly  an¬ 
nealed.”  I  told  him  that  there  was  no  difficulty  to 
tell  annealed  from  unannealed  glass.  He  seemed  to 
doubt  my  word,  but  upon  my  showing  him  the  'train- 
in  glassware  which  he  had  made  himself,  and  proving 
to  him  that  they  were  strains,  he  was  about  the  most 
surprised  man  I  have  ever  seen  He  remarked  that 
this  would  save  him  thousands  of  dollars  a  year  in  hi' 
cut  and  engraved  glass,  as  many  times  he  found  bis 
glassware  broken  to  pieces  after  the  engraving  had 
been  done,  and  much  expense  put  u|>on  the  ware.  I 
presume  glass  manufacturers  would  not  care  so  much 
for  a  polariscope  for  use  in  the  ordinary  glassware 
they  send  out,  but  we  know  glass  w  ill  break  anyhow, 
annealed  or  unannealed  l  was  one  time  working  a 
disc  of  glass  weighing  twenty-five  pounds.  There  wa¬ 
ft  little  projection  standing  up  on  it  which,  to  -ave 
time,  I  took  a  ham  ner  and  knocked  oil*.  Instantly 
the  disc  flew  into  many  thousand  pieces,  nearly  all  the 
breaks  occurring  diametrically.  I  p  >n  examining 
with  the  polariscope  it  was  seen  to  be  full  of  circum¬ 
ferential  strains,  which  caused  the  breakage,  only 
needing  a  6tart,  as  in  knocking  otT  the  little  chip  I 
have  made  many  experiments  since  in  this  direction, 
and  can  tell  with  almost  alisolute  certainty  how  a  piece 
of  glass  will  break.  When  my  friend  Alvan  Clark  re¬ 
ceived  the  glass  for  the  photographic  correcting  lens 
for  the  Lick  telescope,  he  examined  it  with  a  i*»lari- 
scope,  and  told  me  that  he  was  almost  certain  that  it 
was  going  to  break  in  the  process  of  working  it.  He 
wrote  to  the  maker  and  told  him  that  he  would  work 
it  only  under  protest.  The  maker  took  the  re>|*onsi- 
bility.  Mr.  Clark  commenced  the  work  on  the  glass 
but  had  proceeded  only  a  short  distance  when  the  disc 
flew  into  many  hundred  pieces. 

Now,  I  sincerely  believe  that  these  condition-  hold 
good  in  iron  and  steel.  I  Indieve  it  iron  i-  ntpidlv 
cooled  either  as  a  casting,  finished  iron,  or  steel,  that 
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the  molecules  do  not  have  time  to  fall  into  a  normal 
condition,  and  that  ever  afterwards  there  is  a  constant 
strain  and  pull  within  the  material  itself  which  tends 
to  weaken  it  more  or  less.  In  the  hurry  to  make  iron 
and  steel  we  have  often  seen  the  muck  bars  cooled  as 
rapidly  as  possible  so  as  to  cut  it  up,  and  pile  it  so  as 
to  put  into  the  furnace  again  to  make  the  finished  bar. 
This  bar  is  put  on  cooling  beds  to  cool  it  as  rapidly 
as  possible,  and  it  is  sent  out  to  the  market  in  this 
condition.  In  our  hurry  for  a  casting,  it  is  often 
taken  from  the  sand  red  hot,  and  is  cooled  off'  with 
water  so  as  to  use  it  as  quickly  as  possible. 

Is  it  not  morally  certain  that  the  same  conditions 
will  hold  in  metals  treated  in  this  manner  as  we 
can  actually  see  in  our  too  rapidly  cooled  glass? 
I  believe  There  is  a  correlation,  as  I  said  in  the  first, 
between  all  crystalline  structures  and  that  which  we 
can  see  in  glass,  which  we  may  be  quite  certain  exists 
in  iron  and  steel  when  the  molecules  have  not  been 
allowed  to  fall  into  that  position  designed  by  old 
mother  Nature. 

31 R-  G.  W.  G.  Ferris:  I  would  like  to  say  that 
some  time  during  the  winter  of  1883  I  had  the  pleasure 
of  making  some  experiments  for  the  Lake  Erie  Iron 
Company,  of  Cleveland,  Ohio.  These  experiments 
were  made  on  iron  railroad  car  axles  about  four  inches 
in  diameter,  and  which  were  taken  from  a  pile  of 
some  two  hundred  and  fifty  or  more,  which  had  ac¬ 
cumulated  during  a  month  or  six  weeks  work,  and 
which  were  piled  in  the  open  air  subject  to  the  cold 
lake  winds.  The  day  these  experiments  were  made 
the  temperature  was  2°  delow  zero.  From  this  pile  of 
two  hundred  and  fifty  axles  I  selected  five  which  were 
so  cold  that  they  could  scarcely  be  touched  with  the 
fingers ;  in  other  words,  the  iron  was  as  nearly  in  a 
frozen  condition  as  would  probably  ever  occur.  I  had 
these  axles  taken  from  the  pile  to  the  place  where 
they  were  tested,  a  distance  of  perhaps  sixty  feet,  and 
in  the  open  air.  The  tests  which  I  made  on  these 
axles  were  drop  tests,  and  as  nearly  as  I  can  recollect 
as  follows,  the  axles  being  numbered  1,  2,  *3,  4  and  5  : 

No.  1  was  placed  upon  a  cast-iron  frame  with  points 
of  support  thirty-two  inches  apart.  The  weight,  which 
was  1610  lbs.,  was  then  raised  ten  feet  and  allowed  to 
fall  upon  the  axle,  the  deflection  produced  being  three 
and  one-half  inches.  The  axle  was  then  reversed  so 
that  the  convex  side  was  upward  and  the  weight  raised 
ten  feet  and  allowed  to  drop  on  the  axle  again.  This 
second  fall  of  the  weight  not  only  completely  straight¬ 
ened  the  axle,  but  produced  a  deflection  below  a  hori¬ 
zontal  line  through  the  centre  of  the  axle  of  one-eighth 
of  an  inch. 

The  axle  was  again  reversed  with  convex  curvature 
on  the  upper*  side  and  the  weight  again  raised  to  a 
height  of  ten  feet  and  allowed  to  fall  upon  the  axle. 


This  blow  produced  a  deflection  of  four  and  one-eighth 
inches  below  a  horizontal  line  through  the  centre  of 
the  axle.  Upon  examination  of  the  axle  at  this  time, 
it  was  found  that  the  metal  adjacent  to  the  point  which 
had  been  subjected  to  the  impact  blows  had  become 
considerably  warmer,  so  that  in  fact  the  bare  hand 
could  he  placed  upon  the  iron  at  this  point  without 
discomfort.  I  then  allowed  the  axle  to  remain  as  it 
was  during  a  time  of  about  forty  minutes,  when  it  had 
again,  apparently,  become  of  uniform  temperature 
throughout. 

The  axle  was  then  reversed  with  the  convex  side 
upward  and  the  weight  raised  to  a  height  of  fifteen 
feet  and  allowed  to  drop.  This  blow  not  only  straight¬ 
ened  the  axle  but  produced  a  deflection  below  the 
centre  line  of  one  and  one-fourth  inches.  The  axle 
was  immediately  reversed,  convex  side  upward,  weight 
again  raised  to  a  height  of  fifteen  feet  and  allowed  to 
fall.  This  blow  straightened  the  axle  and  produced  a 
deflection  of  four  and  one-fourth  inches  below  the 
center  line.  Upon  examination  of  the  axle  at  this 
time  the  metal  adjacent  to  the  point  where  the  weight 
was  applied  was  found  to  have  become  very  much 
warmer  than  the  ends  of  the  axle,  but  there  could  be 
discovered  no  rupture  of  the  external  fibres  or  separa¬ 
tion  of  fibres  in  a  longitudinal  direction,  showing  that 
so  far  as  outward  appearances  were  concerned,  the 
welding  of  the  metal  still  remained  intact  The  axle 
was  again  reversed,  convex  side  upward,  and  the 
weight  was  run  up  a  distance  of  twenty  feet  and  al¬ 
lowed  to  fall  on  the  axle,  the  result  being  that  the  axle 
was  entirely  straightened  b}^  the  blow  and  that  fracture 
took  place  in  a  vertical  plane  perpendicular  to  axis  of 
axle,  of  almost  every  fibre  in  the  entire  area.  The  exami¬ 
nation  of  this  fracture  showed  that  every  fibre  or  bundle 
of  fibres  throughout  the  entire  section  had  been  broken 
as  by  pulling  apart  in  tension  ;  there  was  absolutely 
no  granulation,  or  so-called  crystallization,  to  be  seen 
in  the  broken  section. 

The  next  two  axles,  Nos.  2  and  3,  were  experimented 
upon  in  the  same  manner  as  No.  1,  with  substantially 
the  same  results. 

No.  4  was  subjected  to  two  blows  from  the  same 
weight  raised  twenty  feet,  and  broke  with  the  second 
blow,  and  showed  no  sign  whatever  of  granulation; 
but  there  was  for  the  depth  of  about  seven-eighths  of 
an  inch,  on  that  portion  of  the  fracture  near  the  con¬ 
cave  side  of  the  curve,  an  appearance  similar  to  the 
so-called  crystalline  condition.  Upon  careful  exami¬ 
nation  of  this  part  of  the  fracture  it  could  be  seen 
that  this  appearance  was  due  to  the  fact  that  numbers 
of  separate  fibres,  which  were  in  close  contact,  and 
which  had  appeared  to  bundle  themselves  together, 
had  been  sheared  by  the  effect  of  the  blow.  This  was 
evident  from  the  fact  that  these  little  bundles  of  fibres 
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could  be  seen  when  looking  in  a  direction  parallel  to 
the  length  of  the  axle,  and  also  that  the  ruptured  end 
of  any  bundle  of  fibres  showed  a  plane  and  mirror- 
like  surface. 

No.  5  was  broken  by  the  first  blow  of  the  weight, 
which  fell  front  a  height  of  twenty-five  feet,  and  the 
fracture  showed  a  similar  condition  of  fibre  to  that 
existent  in  No.  4. 

The  very  fractures  found  in  Nos.  4  and  5  are  gen¬ 
erally  taken  to  be  a  crystal  ine  state  of  the  iron.  This 
is,  in  almost  every  case  of  fracture  produced  by  trans¬ 
verse  stress,  not  crystallization  at  all,  but  simply  the 
sheared  surfaces  of  a  small  number  of  fibres  which 
have  been  freed  from  the  welding  slag,  generally  bv 
vibration,  bundle  themselves  together,  and  upon  rup¬ 
ture  show  a  sheared  surface  which  may  be  either  plane, 
convex  or  concave.  Upon  thousands  of  examinations 
of  fractures  in  wrought  iron,  produced  by  either  ten¬ 
sion,  bending  or  nicking,  I  have  never  been  able  to 
discover  anything  whatever  that  would  take  any  defi¬ 
nite  form,  as  wrould  be  necessarv  in  a  state  of  crvstalli- 
zation.  I  have,  however,  seen  in  cast  iron  something 
that  certainly  seemed  to  take  definite  form  and  would 
appear  to  approximate  to  the  crystalline  state. 

The  conclusions  to  be  drawn  front  these  experi¬ 
ments  are  simply  that  the  subjecting  of  wrought  iron 
to  freezing  temperatures  does  not  necessarily  produce 
in  the  iron  a  state  of  brittleness,  and  I  ant  not  willing, 
as  yet,  to  admit  that  any  such  condition  as  crystalli¬ 
zation  in  wrought  iron  can  exist. 

I  have  been  very  much  pleased  with  the  remarks 
made  by  Mr.  Brash  ear,  as  he  commences  at  the  proper 
point  to  obtain  satisfactory  information  on  this  sub¬ 
ject. 

When  the  demand  for  muck  iron  is  so  great  as  at  the 
present  time,  it  simply  means  that  an  inferior  muck  iron 
will,  to  a  large  extent,  be  used.  I  have  seen  condi¬ 
tions  of  things  in  mills  like  this:  pig  iron  from  the 
same  blast  furnace,  having  been  puddled  in  two  dif¬ 
ferent  furnaces,  would  in  one  case  make  a  first  class 
muck  iron,  and  in  the  other  muck  iron  which  was 
unfit  for  use.  Too  much  care  cannot  be  taken  in  the 
puddling  of  iron  and  working  of  same  into  muck  bar. 

In  this  same  connection  it  may  be  said,  that  of 
twenty-five  bars  of  iron  rolled  by  the  same  man,  the 
iron  being  puddled  in  different  furnaces,  but  coming 
out  of  the  same  heating  furnace,  and  rolled  into  fin¬ 
ished  material,  you  can  find  a  difference  in  the  quality 
of  every  bar  of  the  iron.  All  this  condition  of 'un¬ 
certainty  is  not  so  noticeable  or  so  liable  to  occur  in 
soft  steel.  I  have  in  my  long  experience  in  this  sort 
of  work,  and  from  the  vast  number  of  experiments 
which  I  have  made,  come  to  the  conclusion  that  we  are 
rapidly  approaching  the  soft  steel  age.  The  reason 
for  this  can  be  found  in  the  fact  that,  generally  speak¬ 


ing,  the  manufacturers  of  steel  for  stnuiural  pur|K***e* 
are  using  much  greater  cart*  in  their  met  hod*  than  are 
the  manufacturers  of  structural  iron.  The  latter  arc 
allowing  their  product  to  decrease  in  its  uniformity 
as  well  as  its  quality,  while  the  former  are  making 
an  average  product  daily. 

Mr.  Munrok:  In  regard  to  temperature,  I  think  it 
has  a  great  deal  to  do  with  iron.  In  working  it  in 
Ixiilers,  my  experience  in  years  gone  by  was  that  we  at 
all  times  in  winter  had  to  heat  up  our  flues,  for  if  we 
did  not  the  result  would  l>e  cracks.  After  we  got  in 
the  shop  and  had  the  same  temperature  we  had  no 
cracks.  The  iron  was  gissl  in  every  respect — charcoal 
iron.  Now  we  do  not  see  as  much  iron  as  formerly 
Some  time  ago  a  steel  head  was  brought  around  to  be 
flanged.  It  was  about  five-eighths  inches  in  thickness, 
to  be  flanged  to  forty  inches  diameter.  It  Hanged 
beautifully,  just  as  nice  a  head  as  I  ever  saw.  We 
stood  it  to  om?  side.  It  was  probably  two  or  three 
o’clock  when  it  was  flanged.  The  next  morning  l»e- 
fore  dinner  time  it  went  ofi'like  a  cannon,  splitting 
across  the  Hange  down  almost  to  the  lower  edge  of 
the  lower  flange.  Nothin'  was  touching  it  at  the 
time  and  we  thought  it  very  strange.  On  analyzing  it. 
it  was  found  to  contain  .06  %  of  carlnin.  It  was  very 
granulated.  I  just  mention  this,  showing  that  Bessemer 
may  work  very  well  under  heat  and  yet  be  very  short  in 
the  grain.  Because  it  was  cooled  off  suddenlv  there 
was  a  very  great  strain  there.  We  now  anneal  all  our 
heads  and  have  no  trouble  in  their  breaking. 

Mr.  C.  I*.  Buchanan,  Jr.,  then  read  the  following 
paper  on 

SOME  TESTS  OF  STEEL  BEAMS. 

Mr.  President  and  Gentlemen: 

During  the  early  part  of  the  present  year  the  man¬ 
agement  of  the  Pennsylvania  Lines,  Southwest  System, 
had  occasion  to  use  some  girder  bridges  at  points  where 
circumstances  made  it  necessary  to  build  the  girders  of 
minimum  depth.  Carnegie,  Phipps  &  Co.  Limited 
had  just  announced  their  readiness  to  furnish  twenty 
(LO)  inch  steel  beams,  and  it  was  decided  that  such 
beams  would  satisfy  the  requirements. 

The  manufacture  of  these  beams  was,  however, 
rather  a  new  departure,  and  1  was  instructed  to  make 
such  tests  as  would  furnish  abundant  pr»x>f  of  their 
fitness.  As  I  have  heard  of  no  other  tests  of  such 
large  beams,  and  as  the  results  proved  interesting  to 
mvself,  I  thought  an  account  of  the  making  of  the 
tests,  with  data,  might  prove  of  interest  to  some  of  our 
other  members,  and  that  a  discussion  of  the  methods 
used  and  results  obtained  would  certainly  Ik*  of  l**nefil 
to  all  of  us  that  are  interested  in  work  of  this  kind. 

The  first  beams  rolled  were  of  open-hearth  steel, 
and  for  making  test,  u  beam  was  used  sufficiently  long 
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to  permit  of  the  placing  of  supports  twelve  (12)  feet 
apart,  center  to  center.  The  backing  for  supports  con¬ 
sisted  of  four  (4)  fifteen  inch  iron  beams,  weighing 
fifty  (50)  lbs.  per  lineal  foot,  resting  against  the  cast 
blocks  of  the  testing  machine.  The  weight  of  beam 
tested,  estimated  from  cross-section,  was  72.62  lbs.  per 
lineal  foot.  Moment  of  inertia  was  1343,  and  of  re¬ 
sistance,  134.3.  Loads  were  applied  at  center  of  span, 
and  deflections  measured  at  same  point,  as  shown  in 
sketch. 

It  may  be  well  to  say  here  that  the  manner  of  mea¬ 
suring  deflections  was  objected  to,  but,  without  giving 
the  matter  much  thought,  was  used  upon  the  assurance 
that  it  was  all  right,  for  it  had  been  used  before  in 
making  tests  of  short  girders. 

The  following  table  shows  the  loads  applied  and  the 
measured  deflections: 


Load,  Lbs. 

D.  in  Ins. 

Deflections. 

Lat.  Dtfhc.  at  Center. 

For  Inc. 

Total. 

R. 

L. 

17,190 

34,380 

1 . 6687 

1 .5974 

.0713 

o: 

.02 

0. 

51,570 

1 . 5267 

.  070 

.1420 

.03 

68,760 

1.4627 

.0640 

.2060 

.04 

85,950 

1 .4058 

.  0659 

.2629 

.05 

17.190 

85,950 

1.6512 

1 .4480 

.2207 

.0175 

0. 

0. 

103,140 

1.3937 

.0543 

.2750 

.06 

120,330 

1 .3310 

.0627 

.3377 

.06 

17,190 

120,330 

1.6582 

1 . 3332 

.3355 

.0105 

0. 

0. 

137,520 

151,710 

171,900 

17,190 

195,000 

1.2626 

1.1832 

1.5660 

.0706 

.4855 

.4061 

.1027 

.07 

0 

Compression  Flange, 

1.02 

2.60 

0 

Tension 

u 

.87 

.65 

When  the  load  was  increased  to  195,000  lbs.,  equiv¬ 
alent  to  52.270  lbs.  stress  on  extreme  fibre,  the  web, 
buckled  above  center  of  beam  and  under  point  of  ap¬ 
plication  of  load,  and  top  of  flange  of  beam,  was  crip¬ 
pled  before  the  pressure  could  be  released.  The  stress 
on  extreme  fibre  at  the  elastic  limit  was  41,470  lbs.;  so 
the  test  to  this  point  was  considered  satisfactory.  But 
when  the  deflections  gave  13,742,000  as  the  co-efficient 
of  elasticity  there  seemed  to  be  something  wrong 

Pieces  were  then  cut  from  uninjured  portions  of  the 
web  and  flange  and  tested  in  the  Emory  machine  at 
the  Union  Iron  Mills  of  Carnegie  Brothers  &  Co.  Lim¬ 
ited. 

The  specimen  from  web  was  tested  in  tension  and 
showed  permanent  set  at  42,860  lbs.  per  square  inch, 
and  a  maximum  strength  of  76,905  lbs.  per  square 
inch  ;  elongation,  18.25  per  cent.,  and  reduction  of  area 
48  per  cent.,  with  a  co-efficient  of  elasticity  of  29,- 
995,000  lbs. 


The  specimen  from  flange  was  tested  transversely, 
the  supports  being  ten  (10)  inches  apart,  center  to  cen¬ 
ter,  and  loads  applied  midway  between.  This  showed 
increased  deflections  at  67,570  lbs.  stress  on  extreme 
fibre,  and  sustained  a  maximum  load  equivalent  to 
1 17,300  lbs.  stress  on  extreme  fibre,  with  a  total  per¬ 
manent  deflection  of  1.1  inches.  The  co-efficient  of 
elasticity  deduced  from  the  deflections  within  the 
elastic  limit  was  30,430,000.  Merely  as  a  matter  of 
curiosity  this  specimen  was  reversed,  straightened  and 
tested  in  tension  in  an  Olsen  screw  machine,  giving 
36,510  lbs.  per  square  inch  as  the  limit  of  elasticity, 
78,230  lbs.  per  square  inch  maximum  load,  18.5  per 
cent,  elongation,  and  31.1  per  cent,  reduction. 

These  results  set  me  to  work  to  ascertain  whether 
figures  would  indicate  any  deflection  in  the  supporting 
beams  used  in  the  first  test;  and  assuming  the  co-ef¬ 
ficient  of  elasticity  of  said  beams  to  be  25,000,000  lbs. 
(tests  of  similar  material  had  shown  this  to  be  about 
right),  1  found  a  very  considerable  deflection,  which 
reduced  the  measured  deflections  of  the  steel  beam  so 
much  that  the  co-efficient  of  elasticity  for  that  beam 
now  appeared  to  be  19,807,000  lbs.  Two  of  our  mem¬ 
bers  said  that  was  about  right;  that  the  co-efficient  of 
elasticity  was  always  much  lower  in  large  sections,  and 
the  larger  the  section,  the  lower  the  co-efficient. 
Another  member  said  he  had  demonstrated  by  a  series 
of  tests  that  the  fixed  numeral  in  the  formula 

v 

P  l3 
48d  I 

should  be  32.  He  had  the  indorsement  of  one  of  our 
members,  who  is  a  leading  light  among  bridge  en¬ 
gineers,  and  the- substitution  would  have  made  the  re¬ 
sult  in  this  test  about  29,700,000  lbs.,  but  I  was  not 
satisfied  that  either  theory  was  right.  Finally,  another 
of  our  members  said  that  perhaps  the  short  span  and 
consequent  rigid  nature  of  the  girder  might  have 
caused  an  excessive  deflection  under  the  load,  instead 
of  bending  the  beam  to  the  elastic  curve,  and  sug¬ 
gested  making  another  test  with  the  load  applied  at 
two  points. 

Arrangements  were  accordingly  made  to  make  a  test 
in  that  manner.  The  loads  were  so  placed  as  to  pro¬ 
duce  the  maximum  bending  moment  in  the  beam,  and 
an  apparatus  was  designed  to  permit  the  operator  to 
measure  the  actual  deflection.  All  of  which  is  shown 
in  sketch  number  two  (2). 

The  following  table  shows  the  results  in  detail.  The 
beam  used  was  of  Bessemer  steel,  weighing  66.23  lbs 
per  lineal  foot,  calculated  from  cross-section.  Moment 
of  inertia  was  1147,  and  of  resistance,  115. 
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LOADS.  LBS. 


Deflection. 


O. 


TOTAL. 

for  Inc.  Centre. 

A 

B  On.R. 

C«n.  L 

13,000 

0. 

0. 

20,000 

.0162 

0. 

58,000 

.0333 

.1495 

.02 

78,000 

.03  4 

.0x70 

.04 

91.000 

.0191 

.1067 

.04 

let  .I**' 

.0179 

.1246 

.Ol 

18,000 

0239 

.02 

llT.ooo 

.1463 

.'•4 

130,000 

.0218 

.1681 

.04 

143,000 

.0235 

.1916 

.(Mi 

13,000 

.0855 

<4 

156,000 

.2101 

.06 

162,500 

.0112 

2213 

.06 

169,000 

.0108 

.2321 

.06 

175,500 

.0119 

.2440 

.06 

132,00) 

.0121 

.2561 

.06 

13,000 

.0458 

.(4 

165,000 

.2826 

,0Ti» 

208,000 

.0248 

.3074 

.02 

221.000 

.0281 

.3355 

.02 

234,000 

.0335 

.3690 

.02 

13,000 

.0898 

0. 

0. 

240,500 

.4028 

.02 

244,400 

13,000 

.2400 

.16 

228,800 

Top  flange. 

.3300 

.34 

.430 

2.40 

Bottom  flange. 

.8150 

.52 

.7,5  | 

.23 

Lateral  Deflection. 

t  T  B 


34  l. 
o. 


3.00  L. 
.30  L, 


The  deflections  began  to  increase  under  a  stress  of 
36,970  lbs.  per  square  inch  on  extreme  fibre,  and  the 
maximum  load  applied  was  equivalent  to  49,650  lbs. 
stress  on  extreme  fibre.  The  co-efficient  of  elasticity 
deduced  from  the  deflections  within  the  elastic  limit 
was  27,070,000  lbs. 

Specimens  cut  from  uninjured  portions  of  ihe  beam 
were  then  tested  on  the  Olsen  machine  at  the  l  nion 
Iron  Mills.  A  piece  from  web  of  beam  gave  40,610 
lbs.  per  square  inch  as  the  limit  of  elasticity,  and 
70,060  lbs.  per  square  inch  maximum,  27  per  cent, 
elongation,  55.93  per  cent,  reduction,  and  30,420,000  as 
co-efficient  of  elasticity.  Piece  from  flange  gave 
40,080  lbs.  per  square  inch  as  the  elastic  limit,  71,240 
lbs.  per  square  inch  maximum  load,  25  per  cent,  elong¬ 
ation,  61.23  per  cent,  reduction,  and  29,175,000  lbs.  as 
co-efficient  of  elasticity.  Both  of  the  preceding  speci¬ 
mens  being  tested  in  tension. 

Two  specimens  from  flange  of  beam  were  also  tested 
transversely;  the  first  being  placed  on  supports  14.4 


inches  apart,  center  to  center,  and  load  applied  mid- 
wav  Ix-tween  l»earings.  In  this  increased  deflection* 
wera  noted  at  60,290  Hx*.  str«-**  on  extreme  fibre,  and 
the  maximum  load  sustained  was  equivalent  to  102,490 
ll»s.  on  extreme  fibre;  the  co-efficient  of  elasticity  was 
31.790,000  II*. 

The  second  specimen  was  placed  upon  the  same  -up- 
port.-,  but  loaded  at  two  points  in  a  similar  manner  to 
the  test  of  beam.  The  fir»t  indications  of  increased 
deflections  were  observed  when  a  load  producing  a 
strain  of  53,110  lbs.  in  extreme  fibre  was  applied  ;  the 
maximum  load  was  4.850  lbs.,  2.425  H».  on  each  point, 
and  was  equivalent  to  99,125  lbs.  stress  on  extreme 
fibre;  co-efficient  of  elasticity,  31,950,000  ll*». 

Analyses  of  borings  from  these  beams  gave  the  fol¬ 
lowing  results: 


BEAM. 

Carbon. 

Mang 

Phot. 

Silicon. 

Solpk. 

( )pen-lieai  t h,  flange. 

.20 

.96 

.085 

“  web. 

.20 

.96 

.082 

Bessemer,  flange  at  base  web, 

.12 

1.20 

.082 

.085 

.079 

The  tests  of  beams  were  made  in  the  hydraulic 
machine  of  the  Keystone  Bridge  Co.  The  deflections 
and  elongations  in  all  tests  were  measured  with  an 
electric  micrometer,  and  are  to  Ik*  relied  on  as  being 
ext remely  accurate. 

In  t lie  test  of  the  Bessemer  beam,  after  the  deflec¬ 
tions  had  been  taken  under  the  load  of  240,500  lbs., 
the  operator  was  instructed  to  increase  the  load  to 
247,000  lbs.,  hut  when  244,400  lbs.  was  on  the  deflec¬ 
tions  began  to  increase  so  rapidly  that  there  was  dan¬ 
ger  of  breaking  the  measuring  apparatus,  and  the  load 
was  removed,  the  micrometer  taken  off,  and  operator 
told  to  break  the  beam.  When  the  load  was  equal  to 
a  total  of  228,800  lbs.  the  beam  crippled,  giving  a  good 
illustration  of  what  the  lay  press  calls  a  phenomenon 
when  a  bridge  happens  to  fall  under  the  lighter  fol¬ 
lowing  train. 

At  10  o’clock  Society  adjourned. 

S.  M.  WirKKRsilAM, 

Secretary. 
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Society  met  at  8.10  I*.  M.,  December  20th,  iss7.  Present:  twenty-nine  rr embers  ami  two  vi-itors.  iTr-mlent 
Dempster  in  the  chair,  Vice  President  Becker  assisting. 

H.  Ward  Yerner,  Chas.  I.  Travelli,  Jas.  1  Simpson,  S.  p.  Dame,  Leu  i>  ('.  Weldin,  Hi  gli  C.  (’ampbell,  »,«•«•.  M.  Fugle 
and  Frank  Kelker  were  elected  members. 

The  Committee  on  Grade  Crossings  made  the  following  report,  which  was  unanimously  adopted. 


To  the  Engineers  Society  of  Western  Pennsylvania  : 

Gextlemen:  Your  Committee,  appointed  to  in¬ 
quire  into  the  necessity  of  dispensing  with  the  various 
railroad  grade  crossings  on  the  leading  thoroughfares 
of  Pittsburgh  and  Allegheny,  respectfully  report : 
That  they  have  unde  a  cursory  examination  of  the 
subject,  having  visited  the  different  grade  crossings 
and  noticed  the  peculiarities  of  the  several  situations. 
Considering  the  recent  deplorable  accidents,  and  the 
likelihood  of  their  repetition  with  greater  frequency 
in  the  future,  and  considering  the  rapidly  increasing 
volume  of  city  traffic,  especially  on  the  streets 
affected,  together  with  the  great  and  growing  increase 
of  business  of  the  railroads  entering  here,  and  crossing 
the  streets,  causing  the  almost  continuous  movement 
of  trains  at  certain  hours,  great  inconvenience  and 
interruption  to  city  traffic,  and  serious  interference 
with  business,  as  well  as  increasing  the  liability  to 
accidents  by  such  interference,  your  Committee  find 
that  the  grade  crossings,  or  the  bulk  of  them,  are  seri¬ 
ous  and  dangerous  obstructions,  and  that  they  should 
be  dispensed  with. 

They  are  of  the  opinion  that  the  proper  way  to  relieve 
the  Fort  Wayne  railroad  crossings  on  the  principal 
thoroughfares  in  Allegheny,  viz.:  Federal,  Sandusky 
and  Anderson  streets,  and  on  the  two  leading  thorough¬ 
fares  of  Pittsburgh,  viz.:  Penn  avenue  and  Liberty 
street,  is  by  elevating  the  tracks  of  the  Fort  Wayne 
Railroad  (with  its  connection,  the  West.  Penn.  Rail¬ 
road),  so  as  to  carry  the  line  over  the  streets  named,  by 
a  viaduct  extending  from  West  Park,  Allegheny,  to  a 
point  near  Fifteenth  street  on  the  Penna.  Railroad, 
Pittsburgh.  The  grades  of  the  railroad  between  the 
points  named  favor  such  an  arrangement,  and  the  ele¬ 
vated  road  will  cross  the  river  at  an  elevation  of  about 
twenty  feet  above  the  present  rail  level,  or  on  a  level 
with  the  top  chord  of  the  present  Fort  Wayne  Rail¬ 
road  bridge. 

The  clearance  height  of  the  railroad,  at  street  cross¬ 
ings,  should  be  at  least  thirteen  and  one-half  feet. 


The  tracks  of  the  Fort  Wayne  Road,  w«->t  of  the 
West  Penn.  R.  R.  Junction,  could  occupy  the  territory 
now  covered  by  the  West.  Penn.  Road  to  Federal  street, 
and  the  old  canal  bed,  west  of  Federal  street,  so  far  as 
it  extends  parallel  with  present  Fort  Wayne  tracks. 

The  West.  Penn.  Railroad  could  occupy  the  ground 
now  used  by  the  Fort  Wayne  tracks,  within  the  same 
limits. 

The  West.  Penn.  Road  (west  of  the  junction),  would 
then  lie  wholly  on  the  north  side  of  the  Fort  W  ayne 
tracks,  instead  of  south  of  these  tracks,  a-  at  present, 
and  terminate  in  a  I  nion  station,  to  Ik?  located  west  of 
Federal  street,  or  at  the  present  Fort  Wayne  station. 

The  Fort  Wayne  freight  yard  at  Penn  street,  Pittsburgh, 
to  be  operated,  as  at  present,  by  switches  from  the  line, 
running  at  the  level  of  lower  deck  of  bridge,  and  con¬ 
necting  with  main  line  in  Allegheny,  east  of  Anderson 
street.  This  arrangement  requires  a  double-deck 
bridge,  or  a  high  and  low  level  bridge.  There  is  ter¬ 
ritory  south  of  the  old  canal-bed,  along  Laeock  street, 
west  of  Federal  street,  suitable  for  a  Fort  Wayne 
delivery  yard  in  Allegheny. 

By  such  an  elevated  road  the  Fort  Wavne  ami  West. 
Penn.  Roads  will  be  greatly  benefited  by  the  increased 
facilities  afforded  in  the  running  of  trains,  the  hand¬ 
ling  of  freight  and  passengers,  and  in  other  re>|*ects; 
also  bv  being  relieved  of  the  expense  of  maintaining 
flagmen  and  gatekeepers,  and  of  the  liability  Tor  dam¬ 
ages  by  accidents  at  surface  crossings. 

The  two  cities  will  be  gainers  by  being  relieved  of 
the  dangers  and  interruptions  connected  with  grade 
crossings,  and  by  the  enhancement  of  the  value  of  pro¬ 
perty  in  the  vicinity  of  such  crossings,  on  account  of 
the  removal  of  obstructions  in  the  streets. 

The  length  of  line  to  Ik‘  changed  is  about  two  miles. 
The  estimated  cost  of  this  change  is  approximately 
$1,300,000,  including  the  cost  of  alterations  of  the 
bridge  over  the  Allegheny  river.  Even  if  the  cost 
should  reach  the  sum  of  one  million,  five  hundred 
thousand  dollars,  which  we  think  an  excessive  esti- 
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mate,  it  would  not  1  »e  an  unreasonable  project,  consid¬ 
ering  tlie  benefits,  both  direct  and  indirect,  to  be  de¬ 
rived  bv  the  railroads  and  cities  affected. 

In  addition  to  the  crossings  named,  there  are  on  the 
line  of  the  Fort  Wayne  Road,  in  the  western  part  of 
Allegheny,  three  other  crossings,  viz.:  North  avenue, 
Pennsylvania  avenue  and  Washington  street,  of  some¬ 
what  less  importance  at  present,  but  which  in  the  near 
future  will  have  to  be  changed,  if  proper  regard  is  to  be 
given  to  the  development  of  this  section,  and  to  the  pro¬ 
tection  of  the  citizens;  and  to  the  wants  of  the  railroad 
by  giving  it  the  uninterrupted  use  of  its  lines  at  its 
yards  and  shops  located  there. 

The  road  passes  over  a  summit  in  this  section  and 
will  naturally  be  depressed;  i.  e .,  will  pass  the  streets 
named  through  a^cut.  This  will  give  favorable  ground 
at  the  crossings  named,  for  over-head  street  bridges. 
Although  such  disposition  of  crossings  will  doubtless 
be  made  at  some  future  time,  this  work  is  not  included 
in  the  above  estimate  for  change  of  road  in  Allegheny. 

There  are  also  crossings  on  the  West.  Penn.  Road, 
east  of  the  junction  — such  as  Madison  avenue,  Chest¬ 
nut  street,  and  others— that  need  to  be  changed.  This 
road  will  sooner  or  later  be  elevated  in  this  vicinity, 
and  for  some  distance  through  the  city,  giving  under¬ 
ground  crossings  for  the  principal  streets. 

For  the  next  important  railroad  crossing,  viz.:  Sec¬ 
ond  avenue,  Pittsburgh,  the  Committee  would  recom¬ 
mend  the  abandonment  (for  wagon  traffic,  at  least)  of 
this  crossing,  and  the  diversion  of  its  travel  by  open¬ 
ing  a  street  from  a  point  on  Second  avenue,  east  of 
Try  street,  along  the  hillside,  connecting  with  Forbes 
street  and  Fifth  avenue;  and  by  overhead  bridges  with\ 
Third  and  Fourth  avenues;  and  further,  by  utilizing 
the  undergrade  crossing  at  First  avenue,  and  the  short 
street  opening  into  Second  avenue,  nearly  opposite  the 
proposed  new  street.  Fourth  avenue  now  has  a  sur¬ 
face  crossing ;  Third  avenue  at  present  terminates  at 
the  railroad. 

The  conformation  of  the  ground  at  Third  and 
Fourth  avenues  favors  overhead  street-crossings.  Such 
an  arrangement  will  prove  of  great  benefit  to  this 
locality,  by  elevating  the  general  building  level  above 
the  bottom  of  the  valley,  and  equalizing  the  grades  of 
streets  running  from  Boyd’s  Hill  across  the  valley  to 
the  improved  part  of  town,  and  will  insure  its  early 
and  rapid  development. 

This  arrangement  of  bridge-crossings  will  also  ac¬ 
commodate  the  portion  of  the  city  using  Second  ave¬ 
nue  as  the  main  artery  of  travel,  and  give  additional 
outlets  for  the  traffic  which  is  now  confined  to  this 
thoroughfare,  already  burdened  with  the  obstructions 
of  a  grade  crossing.  Second  avenue  should  eventually 
be  provided  with  a  foot  bridge. 

The  bridges  named  will  have  to  be  placed  at  such 


an  elevation  as  to  give  at  least  eighteen  feet  clear  head- 
room  above  tracks. 

The  cost  of  the  bridges  (including  foot  bridge),  with 
approaches,  will  approximate  $”>0,000. 

The  travelling  and  business  public  will  be  inestim¬ 
ably  benefited  by  the  change.  The  heavy  wagon 
traffic  of  Second  avenue  is  greatly  interfered  with  at 
present;  and  as  business  depends  on  the  expeditious 
movement  of  material,  it  now  suffers  severely. 

The  enhanced  value  of  property  in  the  vicinity,  by 
reason  of  such  improvements,  would  soon  equal  the 
cost,  and  the  railroad  would  be  largely  benefited  by 
its  increased  capacity  for  the  transaction  of  business  at 
this  point,  and  by  having  complete  control  of  its  road¬ 
way;  also  by  the  elimination  of  features  calculated  to 
make  inroads  upon  its  earnings  in  the  way  of  dam¬ 
ages  for  crossing  accidents,  and  the  expenses  l’or  flag¬ 
men,  Ac. 

There  are  other  railroad  crossings  in  the  two  cities 
that  are  dangerous  and  need  attention,  such  as  Butler 
street  crossing,  A.  V.  R.  R.,  Penn  and  Liberty  street 
crossings,  A.  V.  R.  R.,  18th  street  crossing,  P.,  V.  A  C. 
R.  R.;  but  those  named  first  are  the  worst,  and  their 
continuance  as  surface  crossings  is  fast  becoming  (with 
the  increase  of  traffic  on  the  streets  and  the  increase  of 
business  on  the  railroads)  an  unbearable  annoyance 
and  positive  danger  to  the  public,  and  a  hinderance  to 
the  proper  growth  and  development  of  the  two  cities. 
Some  remedy  must  therefore  be  found. 

The  elimination  of  street-crossings  will  benefit  the 
cities  indirectly  by  placing  the  suburbs  much  nearer 
the  business  centers  in  point  of  time,  as  the  trains  can 
then  be  run  at  a  much  greater  speed. 

It  is  believed  that  the  above  suggestions  give  a  rea¬ 
sonable  solution  of  the  matter.  Other  plans  may  be 
suggested  equally  good,  or,  perhaps,  preferable. 

It  is  not  the  province  of  this  Committee  to  go  into 
details,  or  to  presume  to  develop  plans  for  the  rail¬ 
roads. 

Your  Committee  would  urge  that  Councils  of  both 
cities  be  petitioned  to  ask  the  railroads  to  present 
plans  for  the  improvement  of  crossings,  and  to  act  with 
City  Councils  in  developing  a  plan  to  relieve  the  two 
cities  of  the  very  serious  evil  of  surface- crossings. 

Similar  recommendations,  in  relation  to  Fort  Wavne 
Railroad,  were  made  by  the  City  Engineer  of  Alle¬ 
gheny  to  City  Councils  in  May,  1874.  A  plan  was 
then  made  and  filed  with  the  report,  and  can  be  seen 
at  the  City  Engineer’s  office. 

Respectfully  submitted, 

W.  L.  Sc  A  IF  E, 
Chas.  Davis, 
Chas.  Ehi.ers. 
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Mr.  Ramsey  opened  t lie  discussion  of  his  paper 
by  reading,  viz: 

“I  regretted  my  inability  to  be  present  at  the  last 
meeting,  but  my  sorrow  over  my  absence  was  some¬ 
what  mitigated  by  the  thought  that  1  thereby  escaped 
the  direct  impaefof  the  blows  delivered  by  my  friends 
Buchanan  and  Roberts;  for  at  this  distant  point,  the 
force  is  modified  considerably. 

Mr.  Roberts  assails  me  with  “The  theories  and 
conclusions  of  a  quarter  of  a  century  ago/’  and  with 
“Experiments  made  as  long  ago  as  1860;  and  Mr. 
Buchanan,  with  “Hot  shot’’  fresh  from  his  own  ex¬ 
periments. 

Mr.  Roberts  always  gives  zest  and  interest  to  any¬ 
thing  he  says  in  his  speeches,  or  may  write  about ; 

even  if  it  is  something  which  we  have  all  read - in 

the  books.  But  it  seems  to  me,  that  in  referring  to  the 
experiments  of  Kirkaldy,  Webster  and  other  author¬ 
ities,  as  refuting  the  claim  of  “brittleness  of  iron  at 
low  temperature,”  that  he  is  wasting  time,  as  I 
expressly  admitted  in  the  opening  lines  of  my  article, 
that  the  old  authorities  did  not  agree  with  me  ;  and  I 
also  almitte.l  that  “general  conviction”  was  opposed 
to  such  a  belief.  Why,  if  the  recognized  authorities 
and  “general  conviction”  agreed  with  me,  what 
would  be  the  use  of  any  experiments  being  made,  or 
wasting  time  boring  this  society  with  an  article  upon 
a  matter  regarding  which  there  is  no  dispute? 

But,  does  Mr.  Roberts,  or  any  other  member,  who 
has  examined  the  tests  of  Kirkaldy,  Styfi’e,  etc.,  say 
that  these  tests  were  made  with  direct  reference  to 
resistance  to  impact,  or  indeed  (except  in  a  few  isolated 
cases)  any  reference  at  all  to  sudden  strains.  The 
Kirkaldy  tests  referred  to,  were,  as  Mr.  Roberts  well 
says,  very  inconclusive,  in  regard  to  the  effect  of 
temperature,  or  to  anything  else,  other  than  to  show 
the  difference  in  ten  pieces  of  iron,  out  of  the  same 
bar,  but  forged  into  ten  bolts.  Would  any  member 
expect  exactly  the  same  results  from  each  of  these  ten 
pieces,  even  at  the  same  temperature?  Why,  suppose 
that  1  had  come  before  this  society,  and  stated  that  1 
had  taken  a  forty  foot  bar  of  4  1-2  x  1  1-4  iron,  and 
cut  it  into  eighteen  inch  pieces,  and  then  forged  each 
piece  into  a  bolt,  and  that  the  difference  in  the 
strength  and  character  of  the  fracture  was  due  to  the 
temperature,  would  you  not  have  run  me  out  of  the 
hall  ? 

Mr.  Roberts  recognizes  this  weak  point,  by  saying 
that,  “he  would  understand  that  this  forging  spoken 
of  had  been  done  before  the  bar  was  cut.”  The  report 
of  the  test  does  not  so  state. 

Quoting  Mr.  Roberts  again,  “Mr.  Kirkaldy’s  ex¬ 
periments  were  not  numerous,  but  care  seems  to  have 
been  exercised  to  have  the  samples  from  the  same 
bar;”  true,  but  was  much  care  taken  to  have  the 


samples  exactly  alike  in  everything  except  tempera¬ 
ture  ? 

Again,  “The  ex|>erinients  seem  to  lie  inconclusive, 
but  show  enough  to  raise  a  conflict  with  Mr.  Ram 
m-v  it  i-  not  worth  while  to  take  your  time  to  shoe 
the  “  inconclusiveness  ”  of  these  tests  by  analyzing 
them.  Especially  as  we  have  Mr.  Buchanan  -  tests 
(which  have  hem)  made  .  v p r •  —  1  y  to  -how  tli 
of  Mr.  Rimsey’s  conclusion-  i  to  analyze. 

Mr.  Becker  at  theOctober  meeting  stated  that  Mr. 
Buchanan  had  made  some  tests,  to  see  if  Mr.  Ram-ey 
was  right,  ami  that  he  was  “loaded;'  l  therefore 
awaited  the  explosion  promised  with  s  une  tn  pidation. 
But,  as  Mr  Becker  intimated,  the  explosion  ha-  n  »l 
been  very  dangerous,  unless  it  was  from  the  recoil, 
like  the  Irishman’s  gun,  which  kn  >cked  the  Irishm  tn 
flat,  while  the  rabbit  escaped  unharmed  ;  the  Irishman 
said,  as  the  rabbit  ran  away,  “  Ye  dirty  spalpeen,  it 
was  a  mighty  fine  thing  for  ye  that  I  did  not  punt  the 
butt  of  the  gun  at  yeee.”  1  am  glad  the  gun 
pointed  at  me,  because  it  has  “kicked  — badly 
and  the  recoil  has  knocked  Roberts  Kirkaldy  s  te-i- 
flat. 

Mr.  Buchanan  says,  “He  Mr.  R.)  has  -aid  nothing, 
however,  that  is  particularly  new'.’  1  agree  with  Mr. 
B  ,  as  he  will  learn  if  he  reads  the  first  line  of  the 
second  sentence  of  my  article.  He  al-*»  says  that  Mr. 
Ramsey’s  paper  “is  prepared  in  such  a  manner,  that 
it  is  pretty  hard  to  question  hisstatera  nta  Well, 
Mr.  Buchanan  may  have  foun  1  some  di Hi  ulty  in  this 
matter,  as  the  results  of  every  one  of  t lie  tests  given 
in  his  table  fully  corroborates  the  statements  ol  Mr 
Ramsey,  although  made  to  show  the  error  of  his 
ways. 

To  get  rid  of  some  superfluous  matters  which  have 
been  tacked  on  to  the  original  questions,  I  will  -late 
them  again  : 

1.  Does  a  low  temperature  decrease  the  strength 
of  iron  to  resist  impart,  or  make  it  brittle? 

2.  Does  it  increase  the  tensile  strength,  when  tin- 
stress  is  gradually  applied  ? 

3.  Will  iron  broken  at  a  low  temperature,  bv  im¬ 
pact,  or  by  nick  bending  tests,  show  a  crystalline 
fracture,  when  the  same  iron  at  a  higher  temperature 
will  show  a  good  fibrous  fracture? 

To  all  of  the  above  questions  I  am  led  to  give  an 
affirmative  answer,  as  the  result  of  the  lest-  1  have 
made. 

Now,  what  are  the  result-  of  Mr.  Buchanan  -  t«--t 
He  does  not  give  any  tests  l»y  impact,  showing  the 
number  of  blows,  but  all  the  other  tests  made  by  him, 
without  exception,  answer  the  second  and  thin!  ques¬ 
tions  in  the  affirmative,  and  give  almost  the  -aim* 
figures  as  mine  did  ;  as  the  following  comparison  will 
show. 
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The  foregoing  table  gives  the  result  of  about  fifty 
tests,  at  each  temperature  (high  and  low),  and  from 
specimens  as  nearly  alike  in  all  points,  excepting  the 
temperature,  as  it  was  possible  to  have  them.  Buchan¬ 
an’s  tests  alone  cover  sixty  specimens,  and  mine  about 
eighty,  and  yet  Mr.  Roberts  thinks  that  Kirkaldy’s 
ten  tests  of  forged  bolts  “raises  a  conflict  with  Ram¬ 
sey’s.”  Mr.  Buchanan  also  thought  that  his  tests  would 
“raise  a  conflict”  with  Ramsey,  but  do  they?  Will 
someone  tell  me  where  there  is  any  conflict  shown  in  the 
above  table?  The  average  of  Mr.  Buchanan’s  tests  by 
nick -bending  shows  that  at  80  degrees  it  is  practically 
all  fibrous,  and  at  25  degrees  the  average  is  26.9  per 
cent,  “crystalline.”  Ramsey’s  tests  show  at  10  to  1 2  de¬ 
grees  25  per  cent,  crystalline,  and  at  60  to  70  degrees 
100  per  cent,  fibrous.  Was  this  crystalline  fraction 
due  to  too  much  phosphorus  or  impurities  in  the  iron? 
Let  us  look  at  the  chemical  analysis. 
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These  figures  do  not  seem  to  show  any  material  vari¬ 
ation  in  the  impurities  in  the  iron  used  by  Ramsey 
from  that  used  by  Buchanan. 

Mr.  Becker  had  made  the  statement,  upon  Mr. 
Buchanan’s  authority,  that  the  researches  made  by  Mr. 
Buchanan  would  show  that  “  whenever  impurities  are 
eliminated  to  such  an  extent  out  of  iron  as  to  make  it 
suitable  for  bridge  purposes  at  all,  then  the  striking 
variation  that  is  shown  by  these  tests  (Ramsey’s)  to  a 
large  extent  disappears.”  After  such  a  statement  we 
would  infer  that  Mr.  Buchanan  did  not  think  that  the 
iron  selected  by  Messrs.  Hunt  and  Ramsey  for  the 
tests  made  was  “at  all  suitable  for  bridge  purposes.” 

This  statement  is  not  supported  by  the  facts,  as 
shown  by  his  analysis ;  and  when  we  compare  the 
breaking  stress,  elastic  limit,  and  reduction  of  area,  the 
iron  used  in  the  Ramsey  tests  shows  up  slightly  ahead 
of  the  Buchanan  iron.  The  average  reduction  of  area 
was : 

Ramsey,  70° — 31.31  per  cent.  12°  —  29.73  per  cent. 

Buchanan,  80°— 27.00  “  32°— 26.35  “ 
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The  nit.  stress  ami  elastic  limit  is  given  in  Table  I. 

Impact  alone  is  the  only  fair  way  to  test  for  brittle¬ 
ness. 

I  am  sorry  thgt  Mr.  B.  did  not  give  the  ultimate 
stress  and  elastic  limit  for  the  quick  breaking  tests. 

Mr.  Buchanan’s  tests  seem  to  have  been  carefully 
made,  and  are  worth  more  than  any  amount  of  the¬ 
orizing,  as  they  go  to  show  jnst  how  iron  acts  under 
certain  conditions;  in  other  words,  they  are  direct  evi¬ 
dence,  either  one  way  or  the  other,  and  it  is  only  by 
such  evidence  that  the  matter  can  be  settled,  and  I  for 
one  am  glad  that  Mr.  Buchanan  has  made  these  tests, 
and  hope  he  will  continue  his  experiments.  We 
should  join  hands  in  such  investigations  as  these,  and 
only  by  joint  investigation  in  which  we  have  full  con¬ 
fidence  can  this  matter  be  definitely  fixed. 

Mr.  Roberts  says,  “If  the  tensile  strength  of  iron  is 
increased  by  cold,  there  must  be  a  rule  for  it.”  I  do 
not  know  that  there  is  or  can  be  any  regular  increase 
in  direct  ratio  to  the  decrease  of  the  temperature,  and 
it  is  rather  early  to  try  to  find  a  rule  for  “cause  and 
effect,”  when  we  do  not  believe  in  either  the  “cause” 
or  “the  effect;”  still  it  may  be  worth  while  to  give 
you  the  result  of  an  examination  of  Buchanan  and 
Ramsey  with  this  object  in  view. 

The  extremes  of  temperatures  in  the  tests  were: 
Buchanan,  lowest,  32°;  highest,  80°;  variation,  48°. 
Ramsey,  lowest,  0°  and  12°;  highest,  70°  variation 
average,  64  degrees.  The  percentages  were  as  follows : 


Buchanan,  aggregate  increase, 


f  Tensile  St.  3.09 
t  Elastic  Lt.  3  44 


Ramsey, 


I  Tensile  St.  4  38 
\  Elastic  Lt.  3.97 


Avg. per  D.  .0644 
“  “  .071 

“  “  .0684 

“  “  .062 


It  would  require  a  large  number  of  tests  at  various 
temperatures  to  show  the  ratio  of  increase. 

Now,  as  friend  Roberts  has  said,  that  it  would  afford 
him  great  pleasure  to  “catch  me  on  a  theory,”  I  am 
going  to  avoid  them  as  much  as  possible,  and  will 
therefore  ask  questions  instead  of  advance  a  theory. 
Mr.  Reese  says  there  is  no  fibre  in  iron  “per  se.”  I 
would  like  to  ask  him,  or  some  other  iron  expert,  if 
iron  has  any  fibre  to  it  at  any  time,  or  can  it  be  given 
fibre  by  manipulation?  If  the  molecular  theory  is 
correct,  can  we  obtain  any  fibre  ?  Can  we  obtain,  by 
rolling  the  iron,  anything  more  than  a  slight  elonga¬ 
tion  of  the  molecule,  if  even  that  is  possible?  When 
we  speak  of  fibrous  iron  do  we  not  mean  iron  in  which 
the  molecules  have  been  so  well  cemented  together,  by 
proper  puddling,  and  the  use  of  proper  material,  that, 
when  broken  by  gradual  strains,  the  molecules  are 
drawn  and  pulled  away  front  each  other,  and  by  the 
gradual  flow  gives  the  appearance  of  fibre?  On  the 
other  hand,  is  not  the  crystalline  fracture  due  to  the 
bad  cementation  of  the  molecules,  or  to  a  quick  separa¬ 


tion  of  the  molecules,  which  does  not  give  time  for 
them  to  flow  or  move  on  each  other? 

Mr.  Roberts  will  please  understand  that  there  are  no 
theories  embodied  in  the  aliove;  I  am  only  seeking 
information. 

Regarding  the  difference  l>etween  “crystalline”  and 
“granular”  fractures,  even  the  professional  inspectors 
differ  as  to  whether  it  is  one  or  the  other,  and  so  1  s  ill 
not  waste  time  over  that  point.  Crystalline  is  simply 
a  good  way  to  designate  short  or  brittle  fractures  in 
iron  which  have  a  crystalline  appearance  to  the  eye. 

Mr.  Ferris  draws  conclusions  from  a  test  of  five  car 
axles,  broken  with  the  thermometer  down  to  2  degrees 
below,  which  I  think  are  hardly  warranted  by  the  test 
made.  lie  broke  five  axles;  three  bv  ten  blows  of  a 
drop,  reversing  the  axle  after  each  blow.  The  fall  of 
the  drop  was  not  sufficient  to  break  the  axles,  except 
gradually,  and  Mr.  Ferris  savs  that  thev  became  con- 
siderablv  warmer,  and  that  when  finally  broken  bv 
the  bending  backward  and  forward,  the  fracture  w:ls 
fibrous.  The  two  test  pieces,  which  were  broken  by 
what  might  be  called  a  cold  test,  gave  a  “ so-called 
crystalline  fracture  to  the  depth  of  seven-eighths  of  an 
inch,”  or  probably  20  per  cent.  Mr.  Buchanan  would 
have  called  it  a  crystalline  fracture.  None  of  these 
axles  were  broken  at  a  normal  temperature,  so  we  have 
nothing  to  compare  them  with. 

I  do  not  claim  that  iron  cannot  be  made,  or  that 
there  is  no  iron  now’  made  which  will  l»e  tough  and 
ductile  at  low  temperatures,  and  good  axle  iron  will 
probably  come  nearer  to  being  so  than  bridge  iron  will. 

Mr.  Buchanan:  What  made  me  speak  of  iron 
improving  as  the  impurities  were  eliminated  was  the 
fact  that  in  those  pieces  in  which  I  got  the  l>est  re¬ 
sults  there  were  the  least  impurities.  When  1  had 
finished  my  work  and  sent  in  my  report  1  thought  I 
had  found  a  point  there,  but  afterwards  I  learned  of 
some  iron  being  made  which  upset  that  idea.  It  was 
made  four  times,  and  everything  possible  was  done 
to  get  as  good  iron  as  the  men  in  charge  knew  how 
to  make,  but  in  spite  of  all  they  could  do  it  would 
show  crystalline  fractures  at  a  low  temperature. 

These  bars  were  nearly  square,  21  by  2,  or  21x2'. 
some  size  of  that  character.  After  the  fourth  failure, 
the  same  stock  was  taken  and  rolled  into  entirely 
different  shapes.  The  fractures  of  this  iron,  re- rolled 
into  other  shapes,  gave  the  most  beautiful  results  at 
any  temperature.  Rolled  again  into  these  large 
rectangular  shaped  bars  and  it  was  crystalline, 
when  broken  at  a  low  temperature.  That  iron  was 
almost  free  from  impurities.  The  phosphorus  was 
was  .0o,  I  think,  away  down.  So  then  I  began  to 
think  there  was,  |>crhaps,  some  other  thing  that 
entered  into  this  matter  —  perhaps  the  manner 
of  working  the  iron,  the  manipulation  it  received  in 
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putting  it  into  these  different  shapes,  and  then 
when  Mr.  Koch,  at  our  last  meeting,  spoke  of  the 
experiments  he  made,  in  which  lie  soaked  iron  in  salt 
water  and  in  solution  of  hypo-sulphide  of  soda,  1 
looked  over  my  tests  and  I  found  that  the  largest  sizes, 
those  sizes  which  had  the  least  amount  of  work  on 
them  showed  the  greatest  percentage  of  crystal,  and  as 
these  bars  1  spoke  of,  these  large  rectangular  sections, 
were  somewhat  of  the  same  character,  I  began  to  think 
from  the  fact  that  all  of  these  tests,  both  those  made 
by  Mr.  Ramsey  and  myself,  had  been  made  by  soaking 
the  iron  in  a  mixture  of  ice  and  salt  to  obtain  low 
temperature,  that  perhaps  we  got  these  same  condi¬ 
tions  that  Mr.  Koch  spoke  of. 

Since  then  1  have  made  some  more  tests  with  special 
refined  iron  of  small  sections,  and  I  find  that  under 
impact  tests  at  low  temperatures  there  were  mere 
traces  of  this  crystalline  appearance,  and  this  after 
leaving  the  iron  in  the  mixture  for  an  hour  and  forty 
minutes.  So  that  I  am  still  further  convinced  that  the 
trouble  is  in  the  process  of  manufacture  and  not  in  the 
iron  as  iron.  I  intend  to  make,  when  we  have  some 
cold  weather,  more  tests  of  this  same  iron,  at  reduced 
temperature  exposing  the  iron  out  of  doors.  And  I 
think  I  shall  also  act  upon  Mr.  Koch’s  suggestion  to 
paint  some  of  the  bars,  and  perhaps  soak  some,  painted 
and  unpainted,  in  the  freezing  mixture. 

Mr.  Ramsey  :  I  would  like  to  ask  Mr.  Buchanan  if 
he  would  have  accepted  any  of  this  iron  which  the 
low  temperature  tests  showed  up  as  crystalline,  as  good 
bridge  iron  under  normal  conditions.  Iron,  for 
instance,  which  at  eighty  degrees  temperature  is  all 
fibrous,  and  which  in  the  nicking  and  bending  tests 
shows  up  high  in  tensile  strength  and  reduction  of 
area,  also  in  elastic  limit.  Would  it  have  passed 
your  specifications? 

Mr.  Buchanan:  Yes,  sir. 

Mr.  Ramsey:  Would  it  have  passed  when  it  shows 
ninety  per  cent,  crystalline  and  yet  fills  all  the  other 
conditions  of  your  specifications  as  to  tensile  strength, 
etc.? 

Mr.  Buchanan:  Not  if  I  had  seen  the  crystalline 
fracture. 

Mr.  Ramsey  :  In  regard  to  the  average  of  your 
chemical  tests  here — they  run  very  uniformly.  Take, 
for  instance,  the  two  tests,  one  at  twenty-five  de¬ 
grees,  the  other  at  eighty  degrees.  The  one  at  the 
twenty-five  degree  test  shows  55  per  cent,  crystalline  ; 
the  carbon  and  manganese  is  the  same  in  both.  The 
phosphorus  is  2  89  in  the  low  test  and  .314  in  the 
eighty  degree  test,  showing  an  excess  of  phosphorus 
in  the  good  iron.  The  silicon  was  .280  in  the  55  per 
cent,  crystalline  and  .250  in  the  fibrous. 

There  is  only  one  test  that  you  make  here  of  your 
chemical  analyses  where  there  is  an  excess  of 


impurity  in  the  low  temperature  iron,  while  in  the 
other  cases  the  impurities  were  in  excess  in  the  high 
or  good  iron. 

Of  course,  you  may  make  other  chemical  analyses, 
but  still  you  are  confronted  by  this  very  question,  that 
iron  which  shows  up  well  in  the  shops  and  will  fulfill 
every  condition  of  the  specifications  shows  up  poorly 
in  the  field  where  there  was  no  soaking  in  salt  water, 
but  simply  frozen  out  of  doors  along  with  the  other 
iron.  There  may  be  an  explanation  of  the  whole 
thing  in  Mr.  Koch’s  remarks  at  the  last  meeting.  J 
do  not  know  anything  about  that,  but  if  the  iron  he 
not  impervious,  the  water  penetrates  and  then  freezes, 
it  would  undoubtedly  make  it  more  rigid,  and 
therefore  more  apt  to  break  under  impact. 

But  the  tests  submitted  here  do  not,  to  me,  show 
that  there  were  anymore  impurities  in  the  crystalline 
iron  than  in  the  fibrous  iron. 

Mr.  Hunt:'  I  would  like  to  read  from  Fairbain,  on 
“  Iron  Manufacture.”  I  read  it  because  it  is  to  the 
point,  and  because  it  is  ctne  of  the  standard  works  on 
the  metallurgy  of  iron. 

“It  is  also  found  that  wrought  iron,  which  exhibits 
a  fibrous  fracture  when  broken  by  bending,  presents  a 
widely  different  aspect  when  suddenly  snapped  asunder 
by  vibration,  or  by  a  sharp  blow  from  a  shot.  In  the 
former  case  the  fibre  is  elongated  by  bending  and  be¬ 
comes  developed  in  the  shape  of  threads  as  fine  as  silk  ; 
whilst  in  the  latter  the  fibres  are  broken  short  and 
exhibit  a  decidedly  crystalline  fracture. 

“  But,  in  fact,  every  description  of  iron  is  crystalline 
in  the  first  instance;  and  these  crvstals,  by  every  sue- 
ceeding  process  of  hammering,  rolling,  etc.,  become 
elongated  and  resolve  themselves  into  fibres.  There 
*  is,  therefore,  a  wide  difference  in  the  appearance  of 
the  fracture  of  iron  when  broken  by  tearing  and 
bending  and  when  broken  by  impact,  where  time  is 
not  an  element  in  the  force  producing  rupture.” 

I  quote  this,  and  similar  statements  can  be  taken 
from  Percy  on  the  Metallurgy  of  Iron,  and  also  from 
Kirkaldy’s  tests,  to  show  that  the  leading  metallurgists 
use  the  term  “crystalline”  to  indicate  the  character  of 
fracture  produced  by  the  sheared  surfaces  of  bundles 
of  fibres  broken  across  in  a  kind  of  minute  series  of 
cleavage  planes,  so  to  speak,  having  a  crystalline 
appearance.  Turning  to  the  dictionary,  we  find  Wor¬ 
cester  gives  a  definition  of  the  adjective  crystalline 
as  “like  crystal;  bright;  clear,”  and  surely  the  de¬ 
finition  is  answered  in  the  appearance  of  the  fractures 
called  “  crystalline.”  Again,  turning  to  the  dictionary, 
we  find  Worcester  defines  the  adjective  granular,  which 
is  used  by  those  objecting  to  the  term  crystalline,  to 
describe  the  same  appearance  in  wrought  iron  fractures 
as  “  consisting  of  or  resembling  grains,”  and  grains  in 
this  connection  mean  minute  particles  of  uniform 
appearance.  I  think  the  term  crystalline  much  more 
satisfactory,  and  would  use  the  word  granular  to  de- 
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scribe  in  wrought  iron  fractures  those  having  a  very 
fine  grain  and  witji  no  shining  particles,  fractures  that 
in  tensile  specimens  of  wrought  iron  accompany, 
usual lv,  ductility  results  between  those  of  the  fibrous 
and  crystalline  fractures,  giving  greater  percentages  of 
elongation  and  reduction  of  area  than  usually  occur  with 
the  crystalline  fractures,  but  less  percentages  than 
usually  occur  with  fibrous  results.  I  do  not  mean  that  the 
bright  faces  in  the  fractures  that  in  Mr.  Ramsey’s  paper 
he  refers  to  as  “crystalline”  are  the  plane  surfaces 
symmetrically  arranged  around  their  axis,  of  crystals, 
which  Dana,  in  his  Mineralogy,  says  are  produced  by 
the  laws  of  chemical  affinity  acting  on  the  constituent 
molecules  of  a  substance  in  its  transition  from  a  fluid 
to  a  solid  state,  or  that  the  microscope  or  magnifying 
glass  will  not  show  that  these  bright  faces  may  be 
either  concave  or  convex  instead  of  plane. 

1  do  not  think  that  Mr.  Ramsey  claims,  and  he 
certainly  does  not  say  in  his  paper,  that  under  varying 
temperatures  from  100  degrees  Fahrenheit,  to  say 
zero  degrees  or  below  Fahrenheit,  that  there  is  a  mole¬ 
cular  charge  in  the  form  or  size  of  the  contained  minute 
crystals  of  iron,  such  as  would  be  indicated  by  consider¬ 
ing  the  bright  faces  in  the  crystal  line  fracture  of  wrought 
iron  as  being  the  plane  faces  of  crystals  symmetrically 
arranged  around  the  axis.  lie  refers  to  the  particular 
character  of  fracture  technically  called  by  metallur- 
gists  as  crystalline  as  indicative  of  a  short  brittle 
material,  or,  at  least,  of  a  tensile,  transverse,  or 
shearing  strain  having  been  exerted  upon  it  of  a  kind 
either  so  sudden  or  so  severe  in  amount,  or  of  the 
conditions  of  temperature,  that  it  was  unable  to  stand 
the  punishment,  and  that  it  gave  way  short  and  brittle 
with  but  little  blow  of  the  metal  or  ductile  property 
of  the  material  being  shown,  and  with  the  bright  faces 
of  the  sheared  fibres  giving  the  pecular  bright  faces 
appearing  like  crystals. 

Another  point  with  reference  to  the  percentage  of 
phosphorus  and  silica  in  the  analysis  of  the  iron 
which  had  been  experimented  on!  Good  bar  iron, 
that  which  gives  the  best  results  for  tenacity  and 
ductility  together,  speaking  as  we  would  with  reference 
to  steel,  is  ordinarily  high  in  phosphorus —that  is,  it 
contains  about  2-10  of  one  per  cent,  of  phosphorus. 
When  wrought  iron  is  low  in  phosphorus,  as  it  is 
when  puddled  from  a  pig  metal  down  to  a  point  in 
phosphorus,  which,  in  the  trade,  is  called  “  Bessemer” 
iron,  it  ordinarily  is  weak  in  tenacity. 

I  know  that  in  speaking  of  these  tests  quite  a  number 
of  gentlemen,  especially  those  interested  in  the  steel 
trade,  have  said  that  the  iron  was  poor  because  it  had 
high  phosphorus.  I  would  state  that  the  per  cent,  of 
phosphorus,  as  well  as  the  rest  of  the  analyses  of  this 
material  which  was  used  by  Mr.  Ramsey  in  his  tests, 
and  also  that  used  by  Mr.  Buchanan  in  his,  is  the 
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average  found  of  good  structural  iron,  and  contained 
almut  .2  |K*r  cent,  of  phosphorus. 

With  reference  to  the  percentage  of  -ilira  reported 
in  the  analysis  of  both  Mr.  Raiusey  and,  probably,  Mr. 
Buchanan  as  well,  it  did  not  exist  as  silicon  either 
chemically,  combined  or  alloyed  with  the  iron,  but  as 
oxide  of  silicon,  silirx,  an  1  was  in  the  slag  contained 
in  the  wrought  iron  as  silicate  of  protoxide  of  iron. 
The  slag  in  wrought  iron  usually  contains  ulioul  fifty 
per  cent,  silica,  so  by  doubling  this  percentage  of 
silica  reported  in  the  samples  the  amount  of  contained 
slag  will  he  approximately  known.  This  slag,  which 
is  mechanically  mixed  with  the  iron  interspersed 
between  the  elongated  bun  lies  of  crystals,  is  what  gives 
the  fibrous  character  to  wrought  iron. 

Mn.  Dempster:  That  is  very  go  >  l,  but  it  ocmrs 
to  me  that  the  condition  of  this  iron  under  different 
temperatures  is  what  we  would  like  to  hear  ir  »tn  you. 
The  question  is,  as  I  understand  it,  will  iron  have 
different  features  or  qualities  when  the  temperature  i- 
down  to  zero  or  below  as  when  it  is  ♦»()  or  SU  degrees 
— in  other  words,  what  is  the  effect  of  cold  on  it  ? 

Mr.  Hunt:  1  acknowledge  that  in  my  remarks  I 
have  wandered  away  from  this  p  unt,  but  1  -imply 
answered  the  remarks  of  others  in  print.  I  have 
nothing  further  to  say  than  has  been  said.  I  have 
made  a  good  many  tests,  and  they  are  all  to  the  efli*  t 
that  iron  under  impact  at  low  temperatures  i-  more 
brittle  than  at  a  higher  temperature. 

Mr.  Dempster:  In  other  words,  that  the  cold 
makes  the  iron  brittle? 

M.  Hunt:  That  is  it. 

Mr.  Ramsey:  The  question  to  my  mind  i-  t hi-  —  i- 
the  iron  brittle  at  low  temperature  or  more  brittle  than 
at  a  normal  temperature,  or  does  it  produce  that  ap¬ 
pearance  when  broken  which  wmld  cause  it  to  be 
rejected  at  the  nick-bending  test,  where  iron  must  not 
show  a  crystalline  fracture. 

The  point  is  right  here.  We  rejected  all  of  the 
tension  members  of  a  bridge  because  s  one  of  the  rod- 
broken  in  the  field  in  the  winter  time  showed  -10,  50 
and  even  fid  per  cent,  crystalline.  Allot  that  iron 
had  passed  at  the  shop,  had  passed  at  the  mills  and  of 
course  in  the  test  rooms,  and  had  been  accepted.  It 
was  broken  in  the  field  accidentally —one  bar.  I  then 
caused  some  more  to  he  broken  intention  illy  right 
where  they  were  erecting  the  bridge.  They  showed 
this  crystalline  appearance  in  the  fractures  which  in 
our  specifications  would  cause  the  iron  to  be  rejected. 

The  bridge  makers  were  sent  for.  Mr.  Bouscarren 
was  called  in  as  between  the  two  parties,  and  he  said 
that  under  no  circumstances  would  he  permit  that 
iron  to  go  in,  which  had  been  my  position  in  the  first 
place.  The  bridge  builder  said  lie  was  willing  him¬ 
self  to  take  the  iron  back.  They  did  take  the  bridge 
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back  at  a  loss  of  more  than  $2,000.  Afterwards  I  had 
them  take  some  of  the  same  iron  down  to  the  shop 
and  test  it  in  the  same  way  and  the  iron  proved,  at  a 
normal  temperature,  just  what  it  had  in  the  shop. 
There  was  a  loss  of  $2,000  due  to  ignorance  on  our 
parts  because  we  had  gone  bv  authorities  which  said 
that  temperature  did  not  affect  iron.  The  question 
also  arises,  does  the  present  method  of  inspection  in 
view  of  these  facts  meet  all  requirements?  Do  they 
come  down  to  the  point  to  find  out  whether  iron  is 
brittle  at  low  temperature? 

Mr.  Browne:  I  know  very  little  about  iron.  I 
know,  however,  that  an  increase  or  decrease  of  tem¬ 
perature  will  produce  a  mechanical  effect  equal  to  the 
amount  of  mechanical  force  necessary  to  effect  a 
change  of  length  equal  to  that  produced  by  the 
application  of  heat  or  cold.  The  results  of  Mr.  Ram¬ 
sey’s  tests  shows  an  increased  tensile  strength  at  a 
decreased  temperature.  If,  therefore,  a  bar  of  iron  is 
tested  at  a  temperature  of  60°  and  a  similar  bar  at  32°, 
and  if  the  mechanical  effect  per  square  inch  of  cross- 
sectional  area  due  to  a  change  of  22°  be  added  to  the 
result  obtained  at  a  temperature  of  G0°,  would  not  the 
same  correspond  very  closely  with  the  actual  tests  at 
32°  ?  If  this  be  true — and  it  can  readily  be  verified 
— then  we  have  a  simple  rule  to  indicate  the  changes 
in  tensile  strength  due  to  changes  of  temperature.  I 
think,  therefore,  experiments  should  be  made  to  prove 
or  disprove  this  theory. 

Mr.  Ramsey:  To  illustrate  how  iron  can  be  broken 
and  give  a  crystalline  fracture,  when  we  were  making 
our  test  the  ring  on  the  drop  we  had  broke  several 
times  just  by  the  shock  of  the  fall.  Nothing  struck 
the  ring,  but  when  the  weight  ball  struck  the  iron, 
after  a  number  of  blows,  the  ring  itself  would  snap 
right  off’ where  it  was  attached  to  the  weight,  and  it 
always  showed  at  the  break  a  granular  and  crystalline 
appearance. 

Mr.  Becker:  On  the  evening  on  which  Mr.  Ram- 
sev  read  bis  paper,  the  discussion  wandered  off'  some¬ 
what  from  the  text  and  spread  out  to  the  question  of 
the  effect  of  temperature  on  iron  and  steel  rails  in  the 
track.  If  I  recollect  aright,  Mr.  Ramsey  made  the 
statement  at  that  time  that,  according  to  liis  experi¬ 
ence,  they  broke  more  rails  during  the  winter  months 
than  during  the  summer  months,  and  that  the  number 
of  their  fractures  was  very  large. 

At  that  time  I  gave  it  as  my  experience  that  in  the 
first  place  we  had  no  such  number  of  fractures  in  pro¬ 
portion  to  the  length  of  track,  and  that  I  did  not  think 
that  the  effect  of  the  season  was  so  marked  on  our  lines 
as  he  indicated. 

Now,  “Truth  is  mighty  and  will  prevail.”  I  am 
very  glad  that  the  discussion  has  been  continued  so  as 
to  give  me  an  opportunity  to  state  that,  since  that  time, 


I  have  looked  somewhat  over  our  records,  and  I  am 
willing  to  make  a  correction  so  far  as  that  particular 
point  is  concerned. 

II  the  Society  will  pardon  me  for  making  a  little 
digression,  I  will,  in  connection,  show  the  manner  in 
which  we  are  keeping  our  rail  records.  We  use  a 
graphical  diagram  that  will  illustrate  the  manner  in 
which  we  have  ascertained  the  number  of  fractures  on 
our  road,  on  which  we  are  keeping  a  general  record  of 
these  failures. 

We  have  adopted  this  system  partly  in  order  to 
answer  the  questions  that  are  propounded  to  us  by  the 
State  officials  in  the  different  States — Railroad  Com¬ 
missioners  and  Commissioners  of  Statistics — who  ask 
all  sorts  ol  conundrums  that  the  railroads  must  answer 
so  the  Commissioners  can  make  their  reports  to  the 
Governors.  They  ask  such  questions  as  these:  What 
is  the  average  life  of  a  telegraph  pole?  How  long 
will  a  cross-tie  last?  How  long  a  fence  post?  What 
is  the  life  of  a  rail?  and  so  on,  and  we  are  bound  to 
answer  these  questions,  or  stand  a  line.  But  if  the 
Commissioners  were  to  ask  such  questions  as  “How 
large  is  a  piece  of  chalk?”  they  would  get  about  as 
much  intelligence  as  they  get  in  the  answers  to  their 
other  conundrums. 

Still,  in  order  to  gain  information  for  ourselves,  I 
devised,  some  years  ago,  a  graphical  chart  as  a  means 
of  affording  a  ready  reference  upon  which  we  could 
keep  our  records,  and  I  have  a  couple  along  with  me 
to-night. 

(Mr.  Becker  here  exhibited  the  charts  and  explained 
the  same  as  follows:) 

These  charts  are  simply  engraved  sheets  on  which 
the  vertical  lines  represent  the  distances,  the  scale  be¬ 
ing  one-third  of  an  inch  to  the  mile.  These  vertical 
lines  indicate  the  mile  posts.  The  two  charts  I  have 
here  represent  the  line  from  Columbus  to  Indianapolis, 
the  sheets  generally  covering  an  ordinary  division  of 
from  80  to  100  miles. 

The  mile  posts  are  indicated  by  successive  numbers, 
and  the  stations,  wherever  they  occur,  at  intervals,  are 
marked  by  their  names.  The  horizontal  lines  repre¬ 
sent  the  time,  each  principal  division  of  one  and  one- 
fourth  inches  being  one  year,  and  these  are  again  sub¬ 
divided  into  twelve  divisions,  which  represent  the 
months.  We  can  thus  mark  with  accuracy  the  exact 
locality  where  the  steel  rail  has  been  laid,  as  well  as 
the  time  when  it  was  laid.  The  charts  I  have  here 
are  divided  to  cover  a  period  of  seventeen  years,  which 
is  about  the  time  I  find  sufficient  for  two  ordinary  re¬ 
newals  of  steel  rails  in  the  track.  When  we  begin  to 
lay  a  stretch  of  steel  rail,  which  on  this  particular 
division  was  begun  some  time  in  1878,  we  take  the 
brush  and  mark  down  between  the  two  mile  posts,  or 
between  the  succeeding  mile  posts,  as  the  case  may  be, 
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SLIDE  MOMENT  DIAGRAM, 

For  finding  Maximum  Shears  and  Moments  in  Bridges. 

J.  E.  Greiner,  C.  E. 

Of  the  different  methods  used  for  obtaining  the 
maximum  strains  in  a  bridge,  the  one  based  on  the 
assumption  of  an  uniformly  distributed  load  has  a 
decided  preference.  Not  only  is  the  drudgery  of 
calculation  lessened,  in  fact,  by  using  Thacher’s  In¬ 
strument  entirely  done  away  with,  but  it  is  argued 
that  when  the  load  is  properly  assumed,  the  results  are 
such  close  approximations  to  those  obtained  by  placing 
the  engine,  that,  except  in  rare  cases,  it  is  likely  one 
method  will  satisfy  the  actual  conditions  as  well  as 
the  other. 

The  usual  load  specification  for  railroad  bridges  has 
been  two  typical  consolidation  engines  followed  bv  a 
certain  weight  per  lineal  foot,  but  during  the  last  few 
years  the  heavy  consolidation  is  accompanied  by  mogul 
and  passenger  types,  and  the  calculator  must  find 
which  engine  will  give  maximum  strains  in  each  par¬ 
ticular  member. 

Even  to  the  adept,  aided  by  a  long  experience, 
tables,  slide  rules  and  every  facility  for  hurrying  on 
the  work,  this  is  very  laborious,  while  to  the  occa¬ 
sional  calculator  without  such  aids,  the  figuring  of 
one  simple  Pratt  Truss  represents  such  an  amount  of 
labor  and  waste  of  mental  energy,  that  laborious  and 
undesirable  very  inadequately  express  his  disapproba¬ 
tion. 

No  wonder,  then,  so  many  able  enginers  engaged 
exclusively  in  designing  bridges,  in  their  natural  de¬ 
sire  to  simplify  tasks,  advocate  uniform  loads,  and  no 
wonder  that  the  general  engineer,  who  only  occasion¬ 
ally  makes  such  designs,  cries  down  the  wheel  loads 
and  asks  wherefore  such  excessive  refinements  when 
there  is  an  ample  factor  allowed  for  ignorance  and 
uncertainty — since  most  of  these  specified  engines  are 
merely  types  of  what  exist  on  paper  only,  why  not 
specify  at  once  an  uniform  load  or  an  uniform  load  with 
locomotive  excess  at  head. 


When  some  expert  divulges  a  simple  modification 
of  an  uniform  load  which  will  give  identically  the 
same  strains  as  produced  by  the  engine  in  question, 
then  we  can  cast  aside  our  moment  tables  and  diagrams. 
But  no  uniform  load  alone  can  be  assumed  which  will 
give  correct  strains  in  both  web  and  chords.  1  rue,  in 
some  members  the  strains  will  be  about  correct,  but 
in  others  there  is  a  wide  difference. 

The  author  cannot  altogether  agree  with  the  advo¬ 
cates  of  the  simpler  method,  when  they  state  that  an 
uniform  load  which  gives  the  same  centre  moment  in 
spans  up  to  about  65  ft.  and  same  end  shear  when 
above  this,  will,  with  the  exception  of  a  few  cases  of 
double  intersection  trusses,  give  result.**  -o  nearly 
identical  to  those  produced  by  wheel  loads,  as  to 
amount  to  no  essential  difference  in  the  distribution 
of  material.  Of  course  the  whole  question  hinges  on 
what  amount  is  considered  no  essential  difference,  the 
advocates  of  one  method  being  very  liberal,  while 
those  of  the  other,  exacting.  The  line  should  he 
drawn  somewhere.  In  our  .office  we  consider  a 
greater  variation  from  the  wheel  load  than  2-10  of  a 
square  inch  section,  or  say  2,000  lbs.  strain,  incorrect, 
and  require  sections  to  be  increased  when  short  more 
than  this  amount;  and,  as  we  have  found  in  many 
cases  much  greater  differences,  we  have  come  to  the 
conclusion  that  uniform  loads,  except  for  plate  girder** 
and  other  special  cases,  are  not  reliable  when  accuracy 
is  desirable.  It  stands  to  reason  that,  when  an  engine  i** 
placed  on  a  particular  span,  say  of  seven  panels,  and 
the  uniform  load  deduced,  which  will  give  the  same 
end  shear  as  the  engine,  this  end  shear  answers  only 
for  the  span  in  question  of  seven  panels,  and  will  not 
give  correct  end  shear  if  applied  to  same  span  with 
either  six  or  eight  panels.  Further,  when  the  uniform 
load  is  sought  the  span  is  considered  without  panel- 
and  engine  placed  regardless  of  such — from  this  it  is 
also  evident  that  when  span  i-  divide*!  into  panel**  the 
case  is  entirely  different,  and  results  different,  even 
for  the  end  shear  which  from  the  assumption  i»  sup¬ 
posed  to  be  correct. 

The  author  does  not  say  it  is  impossible  to  find  an 
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uniform  load  which  will  give  such  close  results  as  to 
allow  the  most  exacting  no  chance  for  complaint,  but 
such  loads  must  have  an  excess  at  head,  and  this  excess 
will  have  to  be  some  function  of  span,  number  of  panels, 
and  uniform  load.  Most  railroad  engineers  check 
over  the  strain  sheets  presented  by  competing  bridge 
companies,  and  when  careful  men,  use  the  wheel  load 
method.  By  this  is  meant  placing  the  engine  so  as  to 
give  maximum  shears  or  moments,  therefore  it  is  not 
absolutely  essential  for  the  bridge  companies  to  go 
through  with  the  same  labor,  inasmuch  as  the  simpler 
method  will  give  an  estimate  of  weight  and  cost 
practically  the  same,  the  excess  in  some  members 
balancing  the  scantage  in  others,  while  any  difference 
in  strain  can  be  easily  rectified.  Railroad  engineers 
prefer  the  wheel  load  method,  not  because  it  is  so 
laborious  and  they  have  plenty  of  spare  time,  but 
because  it  is  decidedly  more  scientific,  the  results 
being  those  sought,  i.  e.,  the  maximum  strains  pro¬ 
duced  by  typical  engines,  and  it  is  a  certain  check  on  the 
accuracy  of  assumed  loads,  used  by  the  parties  making 
bids. 

When  there  are  several  engines  to  provide  for,  it 
will  be  found  very  convenient  to  tabulate  the  maximum 
panel  weight  for  different  lengths, also  maximum  centre 
moments  for  different  spans,  then  once  for  all  select 
the  greatest  of  the  different  results.  With  the  excep¬ 
tion  of  very  few  cases  it  will  be  found  that  the  con¬ 
solidation  type  produces  the  greatest  strains. 

The  next  thing  is  to  consider  the  most  convenient 
and  expeditious  manner  of  applying  the  engine  wheel 
loads.  Three  ways  are  offered. 

1st — By  Moment  Tables,  which  give  summation 
of  moments  and  weights  from  wheel  to  wheel,  the 
distance  centre  to  centre  of  wheels,  and  distance  of 
each  succeeding  wheel  from  first. 

2d — By  a  Tracing  Diagram,  which  is  a  sketch 
of  the  engine  on  tracing  cloth,  having  summation  of 
weights,  moments  and  distances  written  at  their  proper 
places. 

3d — By  a  Slide  Moment  Diagram,  which  has 
moments,  etc.,  arranged  in  a  similar  manner  to  above 
tracing,  but  attached  to  the  moveable  part  of  a  slide 
rule. 

These  different  ways  will  be  considered  in  their  re¬ 
spective  order. 

To  make  out  a  table  of  moments  for  two  engines 
coupled  and  followed  by  an  uniform  load,  is  not  the 
long  and  tedious  task  that  appears  upon  first  glance. 
It  is  a  problem ;  and  like  most  problems,  there  is  a 
simpler  solution  than  that  which  first  presents  itself, 
and  which  will  be  clear  with  a  moment’s  consideration 
before  pitching  directly  in  medias  res.  It  will  be 
necessary  merely  to  indicate  this  process, because  to  the 
engineers  present  who  use  such  tables,  a  discussion  will 
be  uninteresting. 


The  loading  used  in  the  following  illustrations  is- 
that  used  by  the  B.  &  O.  B.  R.  one  year  ago,  viz.,  two 
86  ton  typical  consolidation  engines  followed  by  3000 
lbs.  per  ft. 


Moment  Table  for  two  B.  tfc  0.  86  ton  Engines  and  3000 
lbs.  per  ft.  for  one  truss  single  track. 
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From  the  above  table  it  will  be  seen  that  very  little 
labor  is  required  in  tabulating  the  moments  for  any 
length  of  span,  the  only  multiplication  necesssary  be* 
ing  the  product  of  summation  of  weights  shown  in  col¬ 
umn  V  by  distance  to  following  wheel,  column  III,  re¬ 
sults  shown  in  column  VI.  Column  VII,  as  its  title 
indicates,  is  the  sum  of  moments  found  in  column  VI 
For  instance,  to  find  summation  of  moments  about 
fourth  wheel,  add  up  the  moments  in  column  VI,  in¬ 
cluding  this  wheel,  and  result  is  261000  in  column  VII, 
or  moment  about  fourth  wheel  equals  moment  about 
third,  126000  plus  135000  in  column  VI  equals 
261000  as  before. 

Application  of  Moment  Tables — 

5V=total  weight  on  bridge. 

X  =number  of  panels. 

p  =sum  of  weights  in  advance  of  point  where 
shear  is  required. 

y  =distance  from  front  end  of  bridge  to  panel 
point  where  moment  is  required. 

L=length  of  span. 

Then  position  for  > 

Maximum  shear  occurs  when  W — Xp=0. 

Wy  > 

“  Mom.  “  “  -L-—  p=a 
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If  O  =  sum  of  moment  about  last  wheel  on  bridge 
0°=  “  “  “  point  where  shear  or 

moment  is  required. 

X  =  distance  from  last  wheel  to  rear  end  of 
bridge, 

Iv  =  length  of  panel. 

Then 


Shear  at  any  point  — 


O  -f  Wx  -0°  O  -f  W— N0° 
L  K  L 


0) 


Moments  at  any  point  = 


(O  -f-  Wx)  y  — 
L~ 


The  following  practical  example  will  illustrate  the 
adaptation  of  table  to  above  formulae  : 


‘b”  the  distance  from  head  of  train  to  end  of  span 
was  found  to  be  102  feet,  and  that  the  seventeenth 
wheel  was  last  on  the  bridge ;  hence, 

In  column  VII,  opposite  17,  O  =8114000 
“  .  V,  “  17,  W  =  164000 

“  VII,  “  3,0°=  126000 

X=  102  — 97=5 

Therefore, 

O  +  Wx  —NO0  8114000  -{-  16400  X  5  —7  X  126000 
L  ~  105 

=76686,  which  is  the  maximum  shear  in  end  post  aB. 


(Span  L  =  105'  —  OX  Number  of  panels  N  =  7, 
length  of  panels  k  =  15.) 

Required  the  maximum  shear  in  aB.  Begin  at  either 
end  and  write  down  the  sum  of  the  different  panel 
lengths,  as  in  above  figure;  then  proceed  to  find  posi¬ 
tion  for  maximum  shear,  as  follows  : 

If  third  wheel  be  placed  at  b,  the  distance  from  head 
of  engine  to  rear  end  h  of  bridge  will  be  90  -f- 12  = 
102  feet.  Look  along  column  II  for  the  next  smaller 
distance,  which  is  97,  corresponding  to  seventeenth 
wheel.  Opposite  seventeenth  wheel,  in  column  V, 
find  W  =  164000,  and  opposite  second  wheel,  in  same 
column,  p  =  18000  ;  hence, 

W  —  Np  — 164000  —  7  X  13000  =  + 38000 
If  fourth  wheel  be  placed  at  b  the  first  will  leave  the 
bridge.  Distance  from  head  of  train  to  end  of  span  = 
90-(-16.5  ft. =106.5  ft.  From  column  II  find  that  102 
feet  is  the  distance  from  head  to  last  wheel  on  bridge 
(the  18th).  Opposite  18  find  column  V,  W  =  172000, 
but  since  first  wheel  is  off,  W  =  172000  —  6000  = 
166000.  In  like  manner  weight  in  column  V,  oppo¬ 
site  third  wheel,  must  be  diminished  by  6000,  and  we 
have  p  =  30000  —  6000  =  24000  ;  hence, 

W  —  Np  =  166000  —  7  X  24000  =  —2000 
From  the  conditions  for  position  of  engine  for  max¬ 
imum  shear  the  value  W  —  Np  must  never  be  nega¬ 
tive  ;  therefore,  if  no  wheel  makes  this  quantity  equal 
to  zero,  the  nearest  positive  result  determines  the  posi¬ 
tion.  Hence,  third  wheel  at  “b”  will  give  the  maxi¬ 
mum  end  shear  on  the  bridge. 

Having  found  the  position, proceed  at  once  to  find 
shear  by  applying  formula  (1).  With  third  wheel  at 


It  will  be  noticed  in  this  particular  case  the  summation 
of  moments  at  end  of  span  could  have  been  taken 
directly  opposite  the  19th  wheel,  which  is  over  the  end 
of  span,  thereby  saving  the  labor  of  obtaining  the  value 
of  Wx ;  but  in  order  to  make  this  example  more  gen¬ 
eral,  no  attention  was  paid  to  the  fact. 

After  what  has  preceded,  the  formula  for  moments 
requires  no  explanation,  since  the  application  is  simi¬ 
lar.  It  might  be  well  to  observe,  however,  that  “y” 
will  always  be  one  or  more  panel  lengths,  and,  there¬ 
fore  (in  cases  where  panels  are  of  equal  lengths) 
can  be  simjDlified  by  making  L  =  N  and  y  =  the  num¬ 
ber  of  the  point  in  question  from  head  of  span. 

The  Tracing  Diagram,  as  mentioned  before,  is 
imply  a  scale  sketch  of  the  engine  wheels  made  on  trac¬ 
ing  cloth,  having  the  distances,  weights  and  moments, 
as  shown  in  columns  I,  II,  III,  V,  VII,  written  at  their 
proper  places  over  wheels.  It  possesses  a  slight  ad¬ 
vantage  over  the  tabulated  moments  for  obvious  rea¬ 
sons,  but  is  awkward  to  handle,  and  requires  for  its 
advantageous  use  a  sketch  of  the  truss  drawn  to  same 
scale  as  diagram,  so  that  by  placing  the  latter  on  the 
truss  the  different  positions  can  be  seen  at  once.  It 
lessens  the  chance  of  error  in  taking  out  the  weights^ 
and  moments;  also  often  enables  the  expert  to  judge 
accurately  in  regard  to  proper  positions  without  the 
necessary  preliminary  calculations  given  in  description 
of  moment  tables.  The  necessity  of  drawing  the  truss 
to  scale,  besides  having  two  extra  loose  sheets  on  desk 
in  addition  to  the  papers,  specifications,  notes  and  other 
loose  arlicles  required  while  estimating,  render  this 
appliance  objectionable,  and  engineers  would  rather 
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refer  to  moment  tables  than  hunt  up  this  tracing  and 
corresponding  sketch,  which  will  he  often  mislaid  or 
covered  up. 

Tiik  Si.idk  Diagram. —  It  was  for  the  purpose*  of 
avoiding  scale  drawings,  Itesidcs  having  the  moments, 
etc.,  in  such  shape  as  not  t< »  Ik*  easily  mislaid,  that  the 
advisability  of  attaching  a  tracing  diagram  to  the  mov¬ 
able  part  of  a  slide  rule  was  suggested  and  lirst  put 
into  practice  in  the  consulting  engineer's  office  of  the 

R  &  <>.  R.  R. 

The  stationary  part  of  the  rule  is  divided  into  feet 
with  as  many  smaller  divisions  as  convenient,  and  is 
provide  1  with  a  number  of  adjustable  clamps  lor  mark¬ 
ing  oH  the  panel  points.  These  clamps  are  made  of 
brass,  having  a  thin  steel  pointer  attached.  1  hey  arc 
easily  moved  to  any  distance  and  then  made  fast  by 
thumb-screws.  The  slide  part  represents  the  engine 
with  all  its  distances,  moments,  etc.,  as  explained  tor 
the  moment  table,  but  for  convenience  having  two  ad¬ 
ditional  columns,  one  for  sum  of  weights,  the  other  the 
sum  of  moments,  from  second  wheel.  The  drawing 
shows  this  diagram  full  size  up  to  150  feet  span.  Col¬ 
umn  \V  and  \V-  are  summation  of  weights  from  first 
and  second  wheel  respectively.  Columns  O’  and  ()■ 
represent  the  summation  of  moments.  O-  and  M  J  are 
to  he  used  only  in  such  cases  where  the  maximum 
shears  and  moments  result  when  first  wheel  is  otl  the 
bridge.  These  two  columns  lessen  labor  somewhat, 
since,  if  omitted,  subtraction  will  have  to  he  made,  a> 
shown  for  moment  tables  with  fourth  wheel  at  />. 
Weights  and  moments  are  expressed  in  KHM)  lbs.,  tin* 
last  three  figures  being  omitted,  and  are  given  for  total 
engine  or  for  one  truss  double  track. 

The  rule  is  made  of  well  seasoned  hard  wood.  The 
diagram  and  scale  being  first  made  on  tracing 
cloth  are  then  blueprinted  and  the  blue  print  fastened 
to  the  wood  by  means  of  varnish.  The  scale  should  not 
be  separated  from  diagram  until  the  varnish  becomes 
thoroughly  drv,  or  there  is  danger  of  the  two  shrink- 
ing  unequallv,  and  consequently  there  would  be  un¬ 
certainty  in  using  the  scale. 

The  use  and  convenience  of,  this  appliance  will  be 
illustrated  by  same  example  as  before.  Adjust  clamps 
so  as  to  represent  panels  of  fifteen  feet,  then  move 
slide  until  third  wheel  is  at  6  (see  Tig.  a).  This  posi¬ 
tion  shows  seventeenth  wheel  the  last  on  bridge,  and 
there  is  seen  directly  that  W1=  16-1000,  the  total 


weight  on  bridge,  p,  the  weight  over  *i»«l  wheel, 
i-  lSIHHt,  hence,  a-  licforc — 

W — XpeslfMooo— 7  X  1800O  —  -f  .'iKtMP 
which  givc*>  th<*  |  Me.  it  ion  for  maximum  -bear  in  end 

|MM*t  alt. 

If  fourth  wheel  In-  placed  at  b  (-«-o  pig.  b},  the  tir*t 
will  leave  the  span,  hence  the  value  of  \V — Np  taken 
from  column  \V*  is, 

16b000  —  24000  x  "  =  —  2000. 

Place  the  third  wheel  at  />  and  proceed  to  find  'hear 
bv  applying  formula  <  1 ).  The  di'tanee  „\  5  feet, 

a>  well  as  all  the  other  valm*sof  the  formula, are  read 
off  directly.  lienee  — 

<)'  +  \V 1  x  —  NO°= 

L 

si  1 404 HJ  +  1f>-|0nn  x  •*»  —  7  x  12bono 

ldo  -  = 

which  i'  the  maximum  'hear  in  end  p«*M  «/». 

Ry  comparing  the  direct  way  of  this  method  with  the 
roundabout  moment  table'  or  clunisv  tracing,  its  su¬ 
periority  Incomes  at  omr  apparent,  so  that  little  need 
he  said  in  order  to  nnlbld  it'  many  a  I  vantages.  The 
position  for  maximum  moment,  and  the  moments  them 
selves,  can  he  obtained  just  a'  easily  as  the  foregoing 
shears,  therefore  any  further  applications  in  the 
present  paper  would  In*  sii|>erth urns. 

The  points  in  favoi  of  thi'  method  can  1m*  briefly 
enumerated  as  follows: 

1.  Simplicity  of  application. 

2.  Convenient  size,  taking  up  small  space  on  desk 
and  always  ready  for  use. 

•».  Requires  uo  preliminary  drawing,  hut  'hows  at 
once  position  of  train  on  bridge,  thereby  reducing 
mental  labor  to  a  minimum. 

4.  The  engine  remains  in  position  until  moved. 

5.  Lessens  chances  of  error. 

In  eonehision,  it  might  Ik*  mentioned  that  the  “Slide 
Diagram  Method  of  Moments"  b  the  most  practicable 
maimer  of  figuring  strains  when  accuracy  i'  required, 
and  the  engineer  after  once  using  such  an  appliance 
as  here  described  will  no  more  willinglx  return  to 
tables  and  tracings,  than  In*  would  again  prefer  the 
exercise  of  multiplication  and  division  after  having 
once  become  familiar  with  Mr.  Thacher’s  valuable 
calculating  instrument. 

•  \<*  i>  — 1 These  result*  are  for  single  track  oi  of  we 
and  moments  given  on  figures  ‘,n"  and  “  l»  " 


